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INTRODUCTION 


chis circular presents part I of a review of the literature on effects 
of preathing dusts, with special reference to silicosis, largely in the 
mininz and allied industries. Tne literature on this subject is so exten- 
Sive that no attemot has been made to include all nublished material but 
only to assemble some of the more outstanding data on several aspects of 
the subject. Farts II and III will deal witn prevertion and treatment of 
dust diseases and some of the economic and legal aspects of dust diseases 
in industry, with special reference to mining. 

Dust diseases are much before the public at present, and there is 
good reason to believe that the information on the subject available to the 
layman is extremely meager; even those rated as experts usually have a more 
or less theoretical conception of the discases, their causation, remedies, 
and prevention, rather than actual experience with tneme Until recently 
little attention has been given to prevention, and the usual attitude of 
the engineer, wpon whom the main reliance for prevention ultimately must 
devolve, has been to let "sleeping dogs lic" or, more definitely, to "let 
well enough alone." However, the "laissez faire" attitude no longer is 
tenable, and in the vast few years numerous conditions have caused tnose 
engaged in industry, including mining;, to bring tne subject before the 
public with a view to ascertaining; the facts upon which to formulate 


remedial measures, primarily preventive. 
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CHAPTER 1.° DEFINITION AND CLASSIFICAVIOMN Or DUSTS 


Accoraing to Webster's Unabridcsed Dicticnary cust may. be defined as 
fine, dry varticles of earth or other matter: so coniminuted that they may be 
raised and, wafted by the winds that which is crumbled to minute portions; 
fine powdere In 1876 Richardson (1)# included in the term "dusts" all. those 
fine and solid particles thrown off from various substances in the processes 
or manufacture or treatment of articles in comnon use in daily life. 

Drinker: (2) in 1930 defined dusts as solid narticles ranging in size from 
less than 1 micro n°. to avout 150 microns;: this definition. is Pee as 
applicable as can be had. Oney avs Boe gees neeee eyes | 


Physiologically,’ there are almost as many different: classifications of 
dust as there are authors on the subject. Richardson (1) suggested the 
following: (a) Cutting dusts, formed of minute, hard, crystallized particles 
with sharp, cutting, and pointed edges and comoossa-of iron or steel, stone, 
sand or glass, dried silicates in earthenware, lime, and pearl; (o) irritant 
dusts derived from woods, ivory, textile fabrics, fluffs of wool, silk, 
cotton, flax, hemp, hair, and clay; ‘(c) inorganic poisonous dusts charged 
with arsenical ‘salts, derived from poisonous. chemical compounds used for 
coloring artistic products or for preserving organic substances; such as 
furs; (d) soluble saline dusts, organic poisonous dusts thrown off during 
the making of tobacco into cigars and:snuff. and carrying with them particles 
of the dried tobacco plant; (e) obstructive and irritating: dusts composed of 
carbon, fine particles of coal eve erreRnee: of er 0en or soot, dust of 
rouge, and flour. : | e! oe : 

oer eetne es 1912: classified dusts as:, (a) Insoluble inorganic 
dusts, including metals (antimony, arsenic, type.metal, brass, bronze, 
copper, aluminum, iron, steel, lead, ete ee: vanadium and ferrovanadium, 
silver, tin, zinc, and solder) in a state of fine division (dusts, atomized 
metals, metallic powders); flue dusts; various ore dusts (iron ore); silica; 
sand, emery, flint, glass powders; carbon graphite, diamond, coal, soot; 
brick dust, marole, grarite, cement, terra cotta; lime, gypsum, plaster, 
fee pachaun: ohosphates; and guano. (b) Soluble inorganic dusts, including 
substances likely to be swallowed and absorbed, such as metal particles, in- 
cluding lead, brass, copper, coe arsenic, mercury, and silver, as well as 
soluble inorganic salts.e (c) Organic dusts, comprising such widely. varying 
taterials as sawdust, fur, skins, feathers, broom stray, grains, flours, 
juse, flax, hemp, eotton, wool, carpet Cast, street sweepings, tobacco—box 
Cust, nides and leather, » felts, Tags, paper, aad Hor Senaets. 


In 1918 Hoffman (4) considered the felievine classification to be in 
strict accord with the facts as they vere known and understood at that time: 


——— 
ove a ce ee ee eee Oe ee | 6 ee Ce ee ee 


aS ee Fh eer Sate ts et 
4 Wumbers in parentheses refer to bibliography at end of circulare 
5 A micron is‘ 1/1,000 of a millimeter or approximately 1/25,000 of an inch. 
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(a) Inorganic dusts, including metallic dust, mineral dust, and dusts of the 
mineral industries; (b) organic and miscellaneous us dusts, including vegetable- 
fiber dust, animal and mixed-fiber dust, organic dust, and mixed organic and 
inorganic (public) dusts. 


Thorson (5) classified dusts as (a) insoluble inorganic dusts (irri- 
tating the respiratory passages), as flint, silica, sand, carbon (coal, soot), 
brick dust, marble, granite, terra cotta, cement, asphalt, enamel, glass, 
quartz, lime (gypsum, plaster), meerschaum, phosphate (fertilizers), guano, 
emery, diamond dust, metal filings (lead, brass, iron, steel, etc.), pumice, 
and ashes; (b) soluble inorganic dusts (liable to be swallowed and absorbed), 
as soluble arsenic, mercury, lead and silver compounds, metal filings of lead, 
brass, and zinc; (c) organic dusts and fibers arising from handling or manu- 
facture of wood, bone, and shell, from fur, skins, hides and leather, feathers, 
brooms and straw, flour anc grain, jute, flax (linen), hemp, cotton, wool 
(worsted, etc.), tobacco, felt, eeaene rags ia al horsehair, and 
street sweepings. ; 

Heim de Balsac and Agasse-Lafont (6) suggested the following classifica- 
tion: (a) Active dusts, which are immediately disseminated and radiate beyond 
their point of application; toxic dusts (lead, arsenic, and mercury); caustic 
dusts, chromates, etce; infectious dusts. (b) Inert dusts, soft flexible 
felting dusts (wool, cotton, and leathers); hard, enor ceamen wounding dusts 
(ligneous, metallic, stone, and coal dusts) « 


Schurmann (7) differentiated dust, according: to origin, into animal, 
ylant, and mineral dust and dust from the artifacts. Animal dust is evolved 
with the working of ivory, horn, whalebone, bones, mother-of-pearl, hides, 
leather, bristles, sheep's wool, hair (horse, rabbit, and cow), and feathers; 
plant dust has its origin in industries working with grain, medical powders, 
spices, cotton, hemp, jute, flax, tobacco, wood, thickx-shelled nuts, barx of 
plants (tanning industry), rags, shoddy, and paner; mineral dust is formed in 
the working of hard coal, marble, and other limestones and in connection witn 
clay and porcelain industries, also pumice, Se eyones erenr tes and slates; 
Thomas slag, celluloid, iron, steel, bronze, galalith, and Vee declisy eos 
tries and in the chemical (especially dye) industry. He defined mixed dust 
as a mixture of polishing materials and the fragments of the object being 
polished. 


According to Drinker (2) all these classifications are without much 
practical importance, since in daily practice in industry tne harmful effect 
ls exercised more frequently by dusts mostly of mixed origin. Besides, what 
is most important is the physical and chemical constitution of the dusts and 
consequently their action on the system. An effort has been made to group 
under the heading “inert" a certain number of dusts; the number, however, 
is becoming more and more reduced since certain dusts, such as talc and 
asbestos, until recently considered as inert nevertheless have caused 
serious organic lesions among certain classes of workerse The majority of 
experts admit that the so-called "inert" dusts are not really inert when 
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considered from the pathogenic point of view. Although at the outset they 
are not harmful and even when present in the workroom in large quantities 
some of them cause only transitory discomfort (sneezing, watering of tne 
eyes, cough), it is certain that as the organic reactions diminish and the 
system seems to have recovered from the effects, they nevertheless finally 
attack it in a subtle manner, sometimes even seriously. Tne mucous membrane 
of the nose, the conjunctiva, and first the upnver and subsequently the 
lower respiratory passages, the teetn, the skin, and often the digestive 
tract are subjected to the harmful action of these dusts. 
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CHAPTZ8 2. SOURCES OF EXPOSURE TO DUST 


The prehistoric man who originated the trade of making stone implements 
probably started the first industrial hazard, tho extent and severity of 
ghich the medical profession, as well as the industries concerned, has begun 
to realizo only recently. In fact, dust as a factor-in the causation of 
jisease had not received much attention before 1900. At the site of one of 
she Swiss lake dwellings where flint implements were found, although the 
flint must have come from a distance (probably from the South of France) the 
chippings of material were in such profusion as to innly that the implements 
yere manufactured on the spote Inothner words, a nrenistoric flint—Imapping 
factory was probably located there (8). Some of the persons who prepared 
tnese implements no doubt suffered from respiratory diseases. According to 
Sollis (9) the flint-kmapners of Brandon, the Jineal occupational repre- 
sentatives of this oldest of industries, who still use tools similar in 
snape to the deerhorn yvicks of their prenistoric ancestors, suffor a terrible 
mertality from »hthisis induced by flint dust ecnerated in their work. ihe 
sors is carried on in small workshops at the back of cottages in the rural 
{istrict bordering Worfolk and Suffolix, where large flints or potstones are 
found; the district has been iznown from remote antiquity for the manufacture 


of arrowheads and other prehistoric implements, tinder boxes, and in later 
years flints for flintlock guns. 


Dusts of various iinds are carried in the atmosphere in all parts of the 
world, and the inhalation of these custs over periods ‘of years inevitably 
sroduce changes in the lungs, as for exammle the pismente? lung of the city 
dweller (10). Another examrle of the general exposure to dusts is given in 
che report by Soper (11), puolished in 1906, on the air and dust in the 21- 
mile subway of the Interborough Rapid Transit Railroad of New York Citys 
Chemical analysis of the dust underyround showed that it contained 61.30 per- 
cent of iron, nearly all of which was in the metallic state, 21.94 percent 
of organic matter of vegetable and animal origin, 15.58 percent ot silica 
aud other matters insoluble in acid, and 1.18 percent of oile There were 
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tne effect on the health of inhalation of the dust. Although no serious dis- 
ease was found among them many suffered from inflammatory affections of the 
nose, throat, and windpine and also from “dry pleurisy" unaccompanied by pane 
hore than 20,000 workmen are said to de engaged in dusty occuvations in New 
York City alone (11). 
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Hoffman (4) prepared an occunational grouping to emphasize in a general 
way the principal dust hazards in 118 occupations or groups of employment, 
which he said was in strict accord with the facts as they were know and 
understood at that time (1918). Under the heading "organic and miscellaneous 
dusts" he listed G5 occupations; under the heading "inorganic dusts" he 
listed 52 occupations. 


He gave ve number of persons employed in the dusty trades, according to 
the United States census for 1910, as 3,928,978; of these 1,667,181 were 
listed as employed in occupations exposed to metallic and mineral dust and 
dust in the mineral industries. He considered that quantitatively the most 
important kind of metallic dust, as met under typical industrial conditions, 
is the dust of iron and steel, which, however, is generally more or less 
intermixed with dust of other metallic or mineral‘substancese Mineral cust 
expnsure is most common in the stone industry, among potters, in cement 
manufacture, and in mininge 


In @ paper on the extent and severity of the health hazard from dust in 
the mines' and allied industries in the United States van Siclen (12) gives 
the following estimtes, based on the 1929 decennial Federal Census, of the 
number of men exposed to cust hazard in various types of mining and indus— 
tries working in metals and minerals; | 


Total exposed 


Metal mining cccccccccccvvevrenvcccsesncceseevssesssseene 62,268 
Nonmetallics mining, omitting tunnel and foundation 

EXCAVATIONS evocesvecccvecssesevcesesevecvecessicens 23,665 
Bituminousecoal mining, underground ccreccccvvescecceses 450,513 


Bituminous~coal mining, open pit Coe eeeereoseSeoeeeeeenege 8,219 


Anthracite mining, underground cccccccovcsscucesveccsece 143,062 
Anthracite Mining, independent TAEN@LLCS coccececseceves 269 
Smelting, nonferrous plants scececesvcccccsccsvccsevases 13,166 
Smelting, ferrous plants CROCS EOHO SOSH SHSESHH OH ESEEOSE ES 24,960 
Cement PIANLS: eocveccecvccserecerssvesecacssertccscgnece 355608 
ADTASi Ve: InGUGtIY 660s 540.06 Wis. wis.cse6 45 60 a0e ne ue eee ees 3,873 
Asbestos products Coe reer ereesresvscsvsnereseserseesosers 8,092 
Clay products SSDS 9096510 '9.6 18'S 91:0 6/696. 98-46. 05°88. 408 0/90. 9:00:88 9)0) 88" 93,536 
Cutlery Tee eEeTe CTT Cee CCT CTR CEE EE RT ee 14,991 
Glass mamufacture cocescccccccesscccesesesecevsenseseere 67,007 
Granite, slate, marble, and other stone products eecsecs 28,715 
dones, whetstones, and Similar products COC ee eo erereesaD 174 
Iron and Steel] cecccccssccvecvossescccscsscsseceessseesse 39,697 
— Minmeral fertilizers cscccecsecccccvescovesccasncevescecs 20,926 
Minerals and earths, Ground csececsesccecscccccsctscccees 1,679 
Nonferrous metal alloys and products ecccccsevsccvevises 79,183 
Pottery, including porcelainware seecsecensesesececscces 335409 
SANG Lame: OP iCle we ieik 0 6.6/6 6 asi Wise. S Sw ara WSs Wa Ww 00 6 8ere ee 566 
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In his conclusion he states: 


0 totaling of the number of worlmen exposed to tne dust hazard in 
the mining and allied industries in the United States, as estimated in 
the preceding pages, as been undertaken; first, because the estimated 
figures themselves are subject to revision after more detailed study of 
tne mineral industries and manufactures, and second, because the degree 
of the dust hazard varics with the several industries, with the manifold 
occupations in each industry, and between similar positions in different 
plants of the same industry. A lw-sum total would therefore have no 
real meaninge The separate totals, however, are sufficient to indicate 
the wide extent of this lzind of hazard. 


In Great Britain in 1930 some 35,000 workers, excluding coal miners, 
were emoloyec in the refractories industry, tin mining, pottery industry, 
metal grinding, sandstone-working, sand-blasting, and other trades in which 
cust is a srominent feature (10). In 19%1, 877,141 men were employed in the 
coal mines of Great Britain. In 1930, 287,540 men were emoloyed in the mines 
of France, 155,897 in the nines of Beleium, and 400,654 in the mines of 
Prussia (excluding lignite mines) (13). About 300,900 men are employed in 
the mines of South Africa (14). Probadly 150,000 persons are employed in the 
quarryin,;, cement, and pottery and stoneware industries of Germany (15). 


The above figures on number of employees in the dusty trades are given 
merely to indicate the possible exposure to the dust hazard and, of course, 
are in no way complete figures of the actual number subjected to the hazard. 
According to Lanza (16) the prevalence of silicosis has been estimated care- 
fully in a few instances, but the rates so obtained cannot be applied general- 
ly because industrial conditions vary so widelye However, it is apparent 
inat silicosis is a widespread industrial hazard, is probably increasing, and 
aifects appreciably tne death rate among industrial workers exposede 


Only dusts encountered in the mining and allied industries and the dis- 
eases caused by them trill be considered in this pavere 


Google 
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CHAPTER 3. PHYSIOLOGICAL EFFECTS OF BREATHING DUST 


Historical Résune 


Probaoly the oldest publis nee data ree the harmfulness of SapOEES 
to dust is the statement in Pliny's iigtural History (17) that - 


Minimum refiners in the factory envelop their faces with loose 
bladders, whicn enable them to see without inhaling the fatal dust. 


Hipoocrates (18), who was born about 460 B.C., called attention to the 
cifficult breathing of the metal dizger.. Celsus, a Roman medical writer | 
wio lived in the first century, states: — 


sy far the most terrible formof cmaciation is that which the 
Greeks call pnthisis. -It spreads to the lungs. On top of this ulcera- 
' tion occurs and a slow fever which .at times disapnears and at other 
times reappearse R= 


In quoting the above Mavrogordato (19) says that one may assume that when 
early writers discussed dust pnthisis the disease they had in mind was of the 
nature MenvaCnet ty Celsus. 


In 1551 Amatus jae Mantis (7) reported that most workers occupied with 
tne preparation of gypsum and lime died of lun; phthisis. 


Agricola (20) in his De Re Metallica, published in 1556, described mining 
as "a perilous occupation to pursue because the miners are sometimes killed 
by the pestilential air which they breathe; sometimes their lungs rot away." 


de also states (20): 


Some mines are very dry and the constant dust enters the blood and 
lungs, producing the difficulty of breathing. the Greeks call asthma. 
When tne aust is corrosive it ulcerates the lungs and produces consump- 
tion; hence it is that in the Carnathian Mountains there are women who 
have married séven husbands, all of whom this dreadful disease has 
brought to an nae Ly EYAVC. 3 


According to eeeeoriats (19) we learn from Gesneus, Agricola that in the 
sixteenth century it was lmown that vermanent injury to tne lungs resulted 
from exposure to certain kinds of dust but not to all kindse Two kinds of 
injurious dusts were acknowledged — a noncorrosive and a corrosive typée 
Zacn of these classes was associated with a different kind of lung change - 
"simple" and "infective" silicosis, respectively, described in the 1916 
General Report of the Miners! Phthisis Prevention Committee of South Africa. 
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Paracelsus (21), a Swiss alchemist and physician, in his book on miners! 
pyhthisis and other miners! diseases described especially the ehronic lung 
troubles of miners as "lung consumption", "asthma", and "dyspnea." He was 
tne first to list triefly the occupational diseases of miners and smelters 
as well as the first in world literature to prepare a monograph on industrial 
medicine (21). From 1531 to 1534 Faracelsus revisited the mines and smelters 
of Schwaz in the Tyrol where he had worked as a laborer between 1510 and 
1520 and wrote his book, which was published in 1567 after his death. He 
found that ~ 


Miners in metal mines, when they are occupied in digging, smelting, 
and washing gcld, eilver, salt, alum, sulphur, lead, copper, zinc, iron, 
and quicksilver in the refining of vitriol, suffer from various dis- 
turbances of the lungs, stomach, and intestines; they are then said to 
have "miners! diseases." However, there is nothing found in the old 
writers in regard to these diseases. 


dis theory was that lung diseases contracted aboveground depended upon 
climatic conditions, which were influenced by the rays of the stars. Similar- 
-Y, pulmonary disease of miners undergreund was caused by mineral rays. How- 
ever, he philosophically reminded his readers that - 


We need metals and, therefore, we must risk life and health for 
them, since everywhere in nature good and evil lie together. As the 
crocodile distresses and kills men by his breath, likewise also the 
vapors (fine dust?) of such metals kill us. * * *. © The organism must 
be prevented frem coming in contact with the metal emanations; for if 
the organism is once injured there is no curee | 


« present-day author expressed a similar idea when he said (2) that the in- 
creasing interest in the subject is a recognition of the condition of pneu- 
moconiosis as a more or less necessary risk of commercial development in the 
progress of civilization in recent years. 


It is said that the early death of Paracelsus was due to injuries to 
nealth received during his aetivities in the mining and metallurgical in- 
qQaustriese 


According to Schurmann (7), Pansa, in 1614, was the first to discuss in 
detail lung diseases of minere and the asthma of grain measurers. In 1649 
Diemerbroek (23) is said to have made the first section of a stonecutter's 
“ang which, in a case af fatal asthma, revealed "lung vesicles completely 
clogged with fine dust"; he in quoted by Ramazzini (24) as finding such 
neaps of sand that in runningthe knife through the pulmonary vesicles he 
thought he was cutting some sandy body. 


In 1652 Ursinus (25) wrate of the lung disease that attacked especially 
“he miner but also the smelter. He divided lung diseases into two classes ~ 
one was caused by poison, and the other was note The principal symptoms he 
described were coughing and shortness of breath. Etiology was a question 
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of breathing dust, catching cold, fatigue, injury, and the like. He said the 
lung disease due to "poison" wags not so clear and was unknown before 
Faracelsuse 


- In his book published in 1656. Stochhansen (26) defined miners phthisis 
as "difficult breathing, chest asthma with disagreeable hard cough and con- 
sideratle hoarseness, which effects generally degenerate into fatal consump- 
tiond" He attributed these symptoms to metallic vapors, dust, and meteoro- 
logical conditions, from which miners suffer more or. less and call "miners! 
consumption" because the affliction arises esnecially in connection with 
mining. The actual cause: he attributed to "especially thick, lowering clouds 
and mine dampness, watery humidity, all sorts of vapors of earth and metal, 
various fumes and smoxe, different dusts and dirt." He also said that much 
dust arose from er nee so that ie casera were Toreed ne cover nose and mouth 
with Seat ea 


In 1690 Linneise (en; referring to nes. gave the morbid sequence of 
yeuy. as s follows: al en “a = 


‘The dust and stones fall upon. the. ies: the men have aoe disease, 
Presta. with epee and at last ‘take consumption. 


Ramazzini (7) was bhePivat ‘to reeomnine the ‘social significance of in- 
dustrial dtseases from chemical substances. In his book published in 1700 
he mentioned the harmful effect of dust on the respiratory organse For in- 
formation he went to the workers in the occupations, entered the mines, 
ascended the mine shafts, and collected :the experiences of his occupational 
colleagues. His book was based on a study lasting more than 40 yearse 


Referring’ to the fact that flint dust had long been recognized in England 
as injurious Collis (28) said that a patent for grinding flints by a wet 
method had been granted in 1713 to Thomas Benson, of Newcastle-—under—Lyme; 
previous to this time flints were pounded dry, 


which ~rocess proved very destructive to mankind insomuch that any 
person, ever so healthful and strong, working in that business, cannot 
possibly survive over 2 years, occasioned by the dust sucked into his 
body by the air he breathes. 


In 1783 Hoffman (29) stated that eeinaes metal fumes and vapors, as 
well as dust, caused the disease picture of "miners' phthisis." 


“According to Henkel (30) (1745) the external causes or occasion of 
miners! »hthisis were dust from stones and metals, lack of air, ps air, or 
bad fumes or WeLOrSs a 


In 1770 Scheffler (31) wrote that the description of miners. phthisis 


given by previous medical imen was insufficient. His once pEron of it was a 
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cnronic slow fever with hardening of the glands and obstruction of the 
lungs with a.lack cf elaboration, secretion, nutrition, and aoposition 
which through the arsenical or other dusts dries out the soft lymph of 
the glands in the lungs and air passages. 


ine symptoms given by him were slicht fever, loss of appetite, cough, short- 
ness of breath, and swollen feet, the patients finally becoming bedfast and 
snowing great weaicness, irregular pulse, sleeplessness, dry skin, usually 
constant fever, often bloody sputum, hemorrhage, sweating, ang diarrhea until 
ceatn claimed them. 


In 1780 Ackerman (32) called miners! phthisis without doubt the most 
"frequent and specific" mineworkers! disease and said that physicians did 
not agree regarding the true definition of this diseases 


As the result of a special inquiry into the peuaines of sae cntnies 
Allison (33) found that rarely did a mason, regularly employed in hewing 
stones in Ecinburgh, live free from phthisical symptoms to the age of 00. 
According to Mavrogordato (20), Allison, a professor of medicine at Edinburgn, 
established tne association between dust phthisis and tuberculosis, that is, 
between dust phthisis anc true phthisis. It was not dust per se that was 
responsible for the "ulceratio"® of Celsus but a secondary complication. the 
corrosive dust of sixteenth-century Agricola and eighteenth-century 
Ramazzini became the "tuberculosis" of Allison. Allison like Laennec knew 
of the anatomical tubercle but not of- the tubercle bacillus. 


Hugh Miller (24), the famous writer, geologist, and stonemason in telling 
of his orm narrow escape wrote: = 


The dust of the stone which I nad been hewing for the last 2 years 
had begun to affect my lungs, as they had been affected in the last 
autumn of my apprenticeship, but nmcn more severely; and I was too 
palpably sinking in flesh and strength to render it safe for me to en- 
counter the consequences of another season of hard work as a stone- 
cutter. From the stage of the malady at which I had already arrived, 
poor workmen, unable to do what I did, throw themselves loose from 
their employment, and sink in 6 or 8 months into the grave — some at an 
carlier, some at a later period of life; but. so general is the affec- 
tion that few of our Edinburgh stonecutters pass their fortieth year 
unscathed, and not 1 out of every 50 of their number ever reaches his 
forty-fifth YCare , 


Thackrah (35), however, claimed that such generalization was not justi- 
fied and stated that "dust of every xind irritates but not in an equal 
degree. He recognized that masons inhaling particles of sand and dust 
which arise from chipping stone were short-lived, generally dying before 
they attained the age of 40. Thackrah also dwelt on the prevalence of 
phthisis among the metal grinders of Sheffield and quoted Knight's opinion 
that fork grinding ought to be confined to criminals. A few years later 
Holland (36) portrayed the conditions of fork grinders - 
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a picture of epee chance which has no parallel in the annals of. any 
country, or in the records of any trade. Fiction:can add no color or 
touches to a picture like this. Truth transcends the gaudy embellish- 
ments of imaginatiori. ‘The distem ered fancy has here ng oon to exer- 
cise her powers. : | 
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Incidence of Dust Dise 


According to Greenburg (37) data on prevalence of occupational disease 
in different countries and at different weriods of time must be interpreted 
with the greatest caution, because industrial processes differ so widely and 
change so frequently. To be conclusive such data should be available in tne 
form of actual death rates, based on knowledge of the population exposed as 
well as on the numoer.of deaths occurring’, one ErODEE TY: conEceves for the age 
distribution of the group involved. : Paes 

A brief. summary of available information on the incidence of dust dis- 
eases in some of the »rincipal countries of the world follows. 


Great Britain 


In 1862 Royal Commissioners were anpointed in England (9) to inouire 
into tne health of men employed in metalliferous mines. : Notwithstanding the 
evidence of several witnesses, particularly the miners themselvesy. that dust 
was far worse than anything else with waich they had to contend, the commis- 
sioners concluded on practically unanimous medical opinion that the influence 
of dust was subsidiary to the many other adverse conditions of ventilation, 
exposure to fumes of explosives, and variations of temperature whicn at that 
time were prevalent in tne mining tndustz ys Collis (9) said this conclusion 
vas unfortunate, as the prevalence or phthisis in certain industries was 
attributed to imperfect evercnte conditions rather than to dust inhalation, 
a point tnen in dispute. 7 : 


In 1902 a departmental committee (9), of which Haldane was a member, 
was appointed to reinvestigate the cause of the still »,ersistently high 
phthisis i a among Cornish tin minerse chis committce-deciaed that — 


So oe as the Cornish miners are concerned it: seems evident 
enough that. stone dust which they inhale produces permanent injury 
of the lungs - gradually in the case of ordinary miners, and rapid- 
ly in the case of machine drillmen — and that this injury, while it 
is apparently capable of gradually producing by itself great impair-— 
ment of the respiratory functions, and indirectly of the general 
health, also predisposes enormously to tuberculosis of the lungs, so 
that a large proportion of miners die from tubercular phthisis. 

That the primary injury to the lungs is due solely to inhalation of 
stone dust would seem to be peace eaty certain. 


From February l, 1919, when the first Schone of ecamonsatica for 
silicosis was made for the refractories industry, until the end of 1928. 
compensation awards were made in England in 423 cases, including 121 deaths 
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(38). During the period 1921-23, 328 deaths were recorded for England and 
Wales under the generic title "chronic interstitial pneumonia", which in- 
cluded such diseases as fibroid »whthisis, fibrosis of the lungs, silicosis, 
and miners! phtnisis, when returned as nontuberculous (39). In 1926 the ques— 
tion was asked in Parliament (40) as to the number of men not affected by the 
Silicosis Act but when examined by officers of the Home Office during the 
preceding 5 years had been found suffering from the diseases ‘The reply was 
trat no routine examination of workers had been made by the medical inspectors 
of factories except sample examinations in connection with special inquiries 
into the grinding and other industries. Of 1,106 workers employed in processes 
involving silica dust so examined 556 were found to be affected by fibrosis of 
the lungs; 528 of these men were employed in the grinding industries and 28 
at steelworks. 


A memorandum on industrial silicosis and asbestosis issued by the Home 
Cffice in July 1932 (41) stated: 


The incidence of silicosis continues to be serious and widespread, 
as is shown by the following figures of cases in which compensation has 
been paid under the special schemes mace under section 47 of the Work- 
men's Compensation Act, 1925. During the last 3 years there have been 
80 cases, including 30 deaths, amongst workmen employed in ganister 
mines and silica br‘ickworks; 179 cases, including 25 deaths, in the 
getting and manipulation of sandstone at quarries or on premises worked 
in conjunction therewith; 322 cases, including 87 deaths, in the 
pottery industry; 81 cases, including 32 deaths, in the metal industries, 
including metal grinding and sandblasting; and 91 cases, including 20) 
deaths, in coal minese 


According to Stewart (42) in districts of Lancashire County, where tne 
industry of coal mining predominates (40 percent of the occupied males being 
engaged in mining), the male death rate from pulmonary tuberculosis is higher 
than the corresponding rate for the whole administrative county. 


Sladden (43) stated that during the 4 years 1925-28 he had examined the 
bodies of 20 coal miners; 1 had advanced silicosis and 7 other slighter 
degrees of the condition. Since 1929, 63 examinations were made, 27 of which 
showed definite and serious degrees of silicosis and 16 othersslighter degrees. 
“n this connection Haldane (43) said he preferred the more general term 
"oneumoconiosis" for these cases. Among anthracite miners he found the deatns 
of 30 of 83 bodies examined definitely attributable to pneumoconiosis. He 
stated that in all cases, whether anthracite or nonanthracite, a high percent- 
age of silica was the outstanding feature in chemical analyses of the lungs 


The 1930 report of the chief inspector of cect and weuwchant (44) 
states: 


By a recent arrangement the factory-inspection service receives 
copies of all death certificates in which death resulted from pulmonary 
disease involving fibrosis of the lungs. Of 700 such certificates 
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received in 1930, ‘241 gave silicosis as the cause of death and in the 
great majority of cases it was found that the previous occupation of 

the persons concerned was one in which there was recognized exposure 

to silica dust. : 


Tne industries furnishing the greatest number of such cases were the pottery 
trade, 52; sandstone, 49; coal mining, 39; sand—blasting, 10; tin mining, 10; 
and otner industries, 90. The report also said that recent investigations of 
the effects of exposure to asbestos dust had resulted in the adoption of 
measures to control dust in the. textile branch of the asbestos industrye 

Data regarding 20 fatal cases of asbestosis without tuberculosis show a serious 
hazard in continued exposure to heavy concentrations of asbestos duste 


In 1931 Wood and Gloyne (45) were prompted by the recent discovery that 
asbestos workers are often the victims of occupational disease to determine 
wiether pulmonary asbestosis also paves the way for a tuberculous invasion 
of the lungs or aggravates an existing infection. They studied 57 cases of 
pulmonary asbestosis, including 18 males and 39 females, 8 of whom were young 
girls from 18 to 21 years old; 12 of the 57 cases showed evidence of pulmonary 
tuberculosis, 4 of the l2 died, and on post-mortem examination evidence of 
obsolescent tuberculosis was found in 2 and of active tuberculosis in 2. 


Merewether (46) found 4 active cases of tuberculosis and 33 inactive on 
examination of 374 asbestos operatives while at work. According to Sparks 
(47) 2,000 workers in England are exposed to asbestos dust. : 


- An inquiry by Sutherland and Bryson (48) on the occurrence of silicosis 
among sandstone workers in England since February 1, 1929, under the Workmen's 
Compensation Act of 1925 disclosed that 1 of every 4 men at work appeared to 
have "masons! diseasee" As only men at work were examined cases as far ad- 


vanced as third stage and many in second stage, not being at work, were not 
included in the surveye 4 


The outstanding feature of an investigation by Ferguson (49) of the 
occurrence of silicosis among sandstone workers in Scotland and the North of 
England was'the high degree of pulmonary morbidity existing throughout the 
industry.e Of 1,000 working people examined 433 showed clinical evidence of 
culmonary fibrosis. Radiological examination of all the workers showing 
clinical evidence of fibrosis was impracticable but doudtless would have dis- 
closed other cases of silicosis; most of the cases X-rayed by Ferguson were 
those showing the severest fibrosis and those which gave the most reason for 
suspectin; the presence of silicosis. One hundred and seventy-three of 
these workers showing clinical evidence of pulmonary fibrosis were X-rayed; | 
Sc? showed first-stage and 12 second-stage silicosis (advanced, nodules 
coalescent). : : 


The revort of the chief inspector of factories and workshops in Great | 
Britain for 1932 (50) considers particularly 42 deaths from asbestosis or 
asbestosis with tuberculosis and 281 deaths from silicosis or silicosis 
with tuberculosis distributed among the industries as follows: Pottery, 147; 
sandstone, 60; grinding materials, 30; sand-blasting, 23; scouring powder, 5; 
miscellaneous, 16. 
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Under the heading "Parliamentary Intelligence" the Colliery Guardian 
(51) on August 4, 1933, published the following: 


In the House of Comnons on Friday, on the motion for the summer ad- 
journment, Mre Ke Davies introduced a discussion on the annual report 
of the Chief Inspector of Factories, in the course of which Mr. Tinker 
raised a number of questions relating to industrial diseases and the 
solvency of employers, as a remedy for which he demanded a system of 
compulsory insurancee Mr. R. 7. Evans suggested that the bronchial 
diseases particularly affecting miners should be placed in a separate 
category and dealt with by the Mines Department under a new order. Mre 
E. Williams complained that scores of men had died from silicosis in 
South Wales, whose dependents had not received a farthing of compensa-— 
tion and that there were also scores who were dying but were not re- 
ceiving compensation after having worked for years in nard ground, be- 
cause the rock did not contain a certain amount of silica. He also 
urged that anthracosis should be scheduled as an industrial disease. 


On February 16, 1934, the Colliery Guardian (52) »ublished a statement 
from the Home Office that since June 1, 1931, when the coal-mining industry 
first came within the scope of the General Medical Board under the Silicosis 
Compensation Scheme, 432 men in the industry had been certified by the board 
as disabled or having died from silicosis or from silicosis accompanied by 
tuberculosis and that 335 of these cases occurred in the South Wales coal 
field. Earlier comparable figures were not available. 


On March 16, 1934, The Iron and Coal Trades Review (53) quoted the fol- 
lowing statement by Prof. J- S. Haldane from the British edical Journal: 


Cases of silicosis in the sense normally acetates rer nearly always 
in death from prthisis, and if there were actually a large number of 
cases of real silicosis in this sense among Soutn Wales colliers, their 
pnthisis death rate would be considerably increased above the normal 
figuree There seems to be no sound reason for believing; that many more 
cases of real silicosis occur among South Wales colliers than among other 
colliers, and I think the widespread alarm produced in the South Wales 
colliery district by the numerous certified cases of silicosis has no 
suostantial basis so far as silicosis is concernede 


However, Harper (54), a radiologist practicing in the South Wales coal 
field, in a letter to the British Medical Journal puolished in May 1934 said 
that when the full facts were known there was little mystery in the many 
cases of siliccsis found in that part of Soutn Wales. Deductions are made 
from the vay of the coal miners at the colliery offices in behalf of the 
medical men in the district; therefore the workmen can have roentgenological 
examluations if the family doctor is doubtful of their condition, and 
silicosis at present is the fashionable disease in the area. Harper (54) 
states tnat it is probably safe to say that more colliery workmen have been 
k-rayed in this area than in any other part of the coal field; hence more 
cases of silicosis have been found than in other areas where no such 
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examinations are made, waich partly explains why there are more known cases 
neree In fact, Harper said, there are mcre cases of. silicosis than nave been 
either examined or passed by the boarc because some refused to be examined, , 
oreferring to continue at work rezardless of the cost to’ their health ratner - 
than be retired by compulsion with partial compensation of about bl a week - 
to meet the necessities of life and no further hone of employment. He quoted 
Kettle as saying that nearly all the specimens sent to the board from this: 
area were those of infective silicosis, and the infecting organism was most 
commonly the tubercle bacillus. Harner considered this statement much more 
reliable than any returns of the Registrar General.’ Therefore there would 
seem to ve no difference between the silicosis in South Wales and the common- 
ly accepted tyne, and he could find no roentgenological’cifference between . 
cases of silicosis in South Wales and cases he had seen in the Belgian coal 
fields. = es 


Germany 


In Germany industrial pathology vas developed at the betaine of ene, 

neteenth century simultaneously with the woward trend of German industry (7). 
In 1781 Tissot (55) graphically illustrated the health hazards encountered . 
by stonemasons; he stated that in one place where the people formerly had 
been engaged in felling trecs and in carving they vere the "handsomesty, - 
strongest, ard healthiest of persons" but for 25 years — since. the inhabitants 
, bad turned to stonecutting - there had been in that region the. most lingering 
Giseasese In 1804 and 1812 Goetzinger (56) in describing the mountainous 
part of Saxony said that the fine dust and ne nee the BsOnSeRyORE to 
an early deathe | A ated 


According to Schurmann (7) only a few works have been published on the 
harmful effects of iron and steel dust to which the metal. nolisher is.exposed, 
in spite of the fact that tne works of Paracelsus, Ramazzini, and others were 
known ‘in Germany, Ramazzini's work being the sole textbook in the field of 
occupational disease used in Germany un to the midéle of ‘the nineteenth _ 
century. In contrast to the English reports on the health picture of the 
Sheffield polishers, Hauer (57) in 1822 revorted conditions among German 
nolishers as not unfavorable to health. Nasse (58) was the first to report 
in regard to polishers! disease; he wrote that the grinding: workers lasted 
only 12 years and recommended resviratory protection for them. The first 
known German publication on the harmful effects of dust on polishers was | 
issued by Paypenheim (59) in 1860. In 1866 Zenker (60) determined iron oxide 
in a lung and called the disease caused thereby "siderosis." He designated 
the diseases of the lungs caused by dists as "pneumonoconidsise" Ina bok 
by Schnlockow (61) on the care of health and médical statistics in Prussian 
mines, published in 1881, the statement is made that of 942 miners examined 
by Seltmann 57.7 percent had euphysema of the lungs. 


Only 5 roentgenologically normal pictures were found among 25 ans 
blasters examined by Lochtkemper (62) in 1950; the remaining 20 (80 nercent) 


revealed various stages of silicosis. Thiele (63) found that 28 percent of 
porcelain workers examined by him were affected by pneumoconiosis; Holzmann 
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and Harms determined roentgenologically the presence of pneumoconiosis in 
7906 percent of 41 selected porcelain workers; and Koelsch found 58 percent 
of 19 workers affected. Bohme (64) determined pnewnoconiosis in 28 percent 
of 184 coal cutters who had worked more than 10 years underground and in 66 
percent of hard-rock miners; in another investigation he determined by 

x-ray examination that 36.2 percent of 69. hard-rock miners had pneumoconiosis 
and by clinical examination 17.3 percent.e. Komissaruk (65) examined clinical- 
ly and roentgenologically 40 foundryworkers who had worked in dusty industries 
for more than 10 years; 4 definitely had pneumoconiosis; 5 fvere doubtful, 

and 3 were borderline cases. In 23 cases the X-ray revealed old inactive 
rulmonary tuberculosis, but no tubercle bacilli were found in the ‘sputum. 


In 1932 Lochtkemper and Teleky (66) published the results of an extensive 
study on dust which covered working conditions and health of workers in many 
different dusty trades. However, the number of workers examined in each ground 
was usually too small for definite conclusions. Examination of 22 women em— 
ployed in a scouring-powder factory in 1930 revealed that all but 3 were 
affected by silicosis in varying degree, 6 being in stage 3. Examination of 
7 workers in a sand and cement plant resulted in the diagnosis of 1 case of 
silicosis in the first stage and 2 in the third; the others showed no indica- 
tion of silicosis or only slight pneumoconiosis which the authors classify as 
"silicosis O-I." Inquiry among workers and physicians of the region revealed 
that 4 had died and 2 were still ill of tuberculosis. Six of 7 shell lime-— 
stone cutters examined were diagnosed as having pneumoconiosis O-I and l 
silicosis O-I. Of 18 graywacke workers examined 3 were diagnosed as negative, 
4 as having silicosis 0-I, 4 silicosis I, 3 silicosis II, 1 silicosis I-II, 

l silicosis III, and 2 silicosis II with tuberculosis. 


From an examination of the statistics of ‘a large sick benefit associa— 
tion Koelsch and Kaestle (67) found the illness frequency, especially for 
tuberculosis and diseases of the resviratory organs, less for the quarry and 
snell limestone workers than for the other members of the association, but 
the mortality rates apparently were greater for the stone workers (0.35 per-— 
cent) than for the others (0.21 percent). These investigators examined 82 
persons who had worked in shell limestone only; 14 had more or less definite 
signs cf dust lung, but it differed in appearance from the silicosis of the 
sandstone worker. They concluded from these examinations that under certain 
conditions limestone also can cause changes in the lungs within the meaning 
of dust lung if it can have a correspondingly long action. Dust lung was 
more frequent and more pronounced among those who had worked in limestone 
and sandstone, the more so the closer the work in.sandstone had followed 
‘xypon that in shell limestone. 


According to Landau (68), the cleaning of metallic castings presents 
great health hazards to the men engaged in the work. Among those examined 
49 percent had pneumoconiosis and 8 percent tuberculosis. Work with steel 
seemed to be much more dangerous than with cast iron, probably because 
compressed-air tools were used in cleaning the steel castings which were 
cast in a mold of sand very rich in silicae 
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2 In 1902 hile: a eyoven ‘of - ‘sewers "a8 being aus an Syaney ; Aus tralia, a 
Sewer Works Ventilation. Board, (G3) was appointed to inquire into the working. 


conditions and to recommend means of improvement whereby the work could be 
rendered less hazardous. The board. found that - 


t 


| For many years past niaers ers eceyed in this class of work (tun- 
nelling) suffered acutely. from a disease which was for a lone time 
known by the rather misleadi: ng term "sewer disease", out as the com- 
plaint became more widely lmnown it was strongly suspected that dust 
was the chief cause of the mischief. 


The board blamed tne furies: of ‘explosives and the expired air from the lungs, 
of the miners in. imperfectly ventilated tumiels as causes cortributcry to tne 
hign mortality but stated that. the dust from hammering, drilling, end the use 


of the pickax was pEoneny the sole. cause of the cis ease once known AS 
"sever disease." 


In ‘ig9t2 eagtaone Co) | inve sie cated a Fozortog epidemic of pneumonia at 
Broken Hill and found that the. death. rate from : neumonia among. underground 
miners in that locality during 1910-12 was 665 per 1,000, or nearly 4 times 
as great as that for-all males in. New South Wales. In 1914 a. Royal Commission 
12S racsoineed to inquire. into the. mining industry.at Bro! cen Will. With re- 
card to industrial. diseases aoe commission stated that :neumoconiosis and 
plumbism were among the risks. of .a miner's calling,:. while other diseases - 
for example, pneumonia ~ were. added risks, but. not strictly industrial because 
they affected others than. miners. From unanimous medical testimony the ,com- 
mission concluded (70) that pneumgnia vas more prevalent, severe, and fatal — 
among miners in Broken: Hill. than amon any other class in the State. Although 
attributing the orime cause to sudden changes in temperature the commission .. 
advanced the opinion that dust inhalation in any form would predisnose to te 
diseasee It also expressed tne opinion that wnewnoconiosis was virtually un- 
:mown at Broken Hill and blamed mining in cther States for such. cases as had 
been noted. : Tuberculosis, however, was @ disease. to which the miners at 
Sroken Hill as elsevhere,. were peculiarly : subject, and the presence of 
tuberculous patients in a mine was considered een dangerous.s 


In 1919 the Tecanicai ean 6 ion (70) , const ituted ‘bo ‘examine the miners 
at Broken Hill, for the first time in Australia used the. X-ray as a means .of 
diasnosis of silicosis as an occupational disease. of 4, 337 mine employees 
examined 193 were diagnosed as. having pneumoconiosis - 90 in the first stage, 
44 in the second, and 59 complicated with tuberculosis; 39 cases were defi- 
nitely diagnosed as suffering fror pulmonary tuberculosis only and 26 others 
mere thought to be suffering from uncomplicated pulmonary tuberculosise Of 
2,618 underground men examined in.1922, 266 showed pneumoconiosis = 113 in 
the first stage, 51 in the second stage, and 102 comphicated by tuberculasis; 
107 additional men were diagnosed. as suffering from tuberculosis onlye 


9 
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In 1922 tne Jew South Wales Board of Trade, in conjunction with the 
Coramonwealt: Devartment of Health (70), investigated clinically and radio- 
logically the prevalence of pulmonary diseases among workers in sandstone 
and other siliceous rocks in the metropolitan district of Sydney; of 716 men 
examined 123 were found to be suffering from silicosis. .Using the standards 
set by the Broken Hill Commission, 47 of these were diagnosed as being in 
the first stage, 38 in the second, and 38 suffering from pneumoconiosis com- 
Dlicated by tuberculosis; — were diagnosed as having pulmonary tuberculosis 
only. : ; 


The Workers! Compensation Commiss ion.of ilew South Wales (71) reported on 
1,300 of 1,500 workmen examined up to August 23, 1929, as follows: Of 107 
stonemasons examined 9 had tuverculosis, 17 were in the various stages of 
Silicosis, and 26 had silicosis witn tuberculosise ‘hese men had worked in 
the industry from 10 to 55 yearse Of 29 monumental masons examined 2 had 
tuberculosis, 1 class A silicosis, and 5 silicosis with tuberculosis; cf 37 
ballast quarrymen 1 had tuberculosis and 2 mariced silicosis; of 80 dimension 
quarrymen 6 had tuberculosis, 3 early silicosis, 2 marked silicosis, and 16 
silicosis with tuberculosis. Of the 377 rock choppers examined 12 had 
Eup eReM TOSS s co Silicosis, and-10 si opens wita tuberculosise 


In 1931 Moore (71) resorted an Sayeeviestion in New South Wales to de- 
termine the incidence of fibrous pneumoconiosis among coal miners; 471 volun- 
teers who nad worked at least 10 years underground were examined by the 
Division of Industrial Hygiene; 199 camé from 1 mine, several employees of 
which had nad »ulmonary fibrosis; the remaining 277 volunteers were employed 
in 8 other mines of the districte The percentage of cases of fibrosis for 
all men examined was 25.9. The percentage of fibrosis among men with coal- 
mining nistory only ranged from 2225 to 25.7 percent; the percentage incidence 
among men who had worked also in metal mines or quarries as well as in coal 
mines was 39e7e | 


In Tasmania in 1928 (69) the various mining centers were visited in turn 
and men examined clinically and radiologically virtually at the mine head; 
65 percent of the mine employees available were examined. Of 314 underground 
workers 5.9-percent were suffering from uncomplicated silicosis and 2.1 ver- 
cent from silicosis with tuberculosis. Of all workers examined lel percent 
were suffering from tuberculosis only - lec percent of the underground and 1 
percent of the surface workers. 


In 1910 a Royal Commission appointed to report on pulmonary diseases 
among the miners in the Western Australian gold-mining industry. (69) con— 
cluded that -— | | 


the miner is more liable to lung disease generally than the averagse 
male over 15 years of ages The miner is less long-lived than the aver- 


age male over 15, partly on account of greater liability to lumg dis- 
€aseSe 
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Tuberculosis of the lungs is on the increase among; miners and is 
twice as prevalent as amonz males over 15. 


rueumonia ‘among the acute, and bronchitis, asthma, emohysema, and 
. fivorosis of the. lungs among the chronic lung diseases are more »reva- 
lent among miners than among males over 15. 


Tne orincivle was laid down that - 


Any man suffers from fibrosis to the extent to which he is exposed to 
the continued inhalation of mineral dust. If there is no dust, there 


will be no fibrosis, and conversely, the continued inhalation of dust 
certainly produces fibrosise 


During an investigation (72) in 1925-26 of vulmonary conditions of mine 
employees .in Western Australia 3,039 men were examined at Kalgoorlie and 
1,028 at 9 other mining centers throughout the State. Of the 4,067 men ex- 
amined 798 (19.6 percent) presented definite evidence of pulmonary silicosis 
and 155 (3.8 percent) had tuberculosis; 12 of the latter. group had tubercu- 
losis without silicosis. Of the 1,759 surface workers 6.6 percent had 
silicosis, 15 percent silicosis with tuberculosis, and 063 percent tubercu- 
losis alone. The surface workers engaged in dry milling without previous 
underground experience showed the highest incidence of silicosis - 9-6 per- 
cent were affected compared with 2.2 percent of the employees engaged in wet 
milling without dry-milling experience, and 2.0 percent of those who had had 
no wet— or dry-milling experience. Of the 2,308 underground workers 233 
percent had silicosis, 5 percent silicosis with tuberculosis, and 0«3 percent 
tuberculosis alonee No fewer than 51.5 percent of the workers engaged in 
developing and 39.2 percent in stoping were affected with silicosis or 


tuberculosis, in contrast with 8.4 percent of those without stoping or de- 
veloping exnerience. | : 


Since 1926 the mine employees in Western Australia have been examined 
annually by the Commonwealth Department of Health (72). Of 2,290 men 
previously classed as normal 30 (1.3 percent) were found on reexamination in 
1927 to be suffering from uncomplicated silicosis and 13 (0.5 percent) had 
tuberculosis only; of 491 diagnosed as silicotic 86 (17.5 percent) had 
silicosis with tuberculosis. In 1928, of 2,822 men classed as normal the 
previous year, 48 (1.7 percent) had prozressed to silicosis only, 11 (0.4 
percent) had progressed to silicosis plus tuberculosis, and 3 (0.1 percent) 
had simole nulmonary tuberculosis; of 425 silicotics 25 (5.9 percent) on 
reexamination showed signs of tuberculous complication. In 1929, of 2,293 
normals reexamined, 100 were diagnosed as silicotic. Silicosis was not found 


in any case under 40 years of age or with less than 5 years of underground 
worKke 


In 1907 a report on miners! phtnisis to the Committee of the Bendigo 
Hospital, Victoria, Australia (69) stated that there was undue mortality 
among Bendigo miners due to respiratory diseases, notably tuberculosis. 

The cases examined were classified according to two clinical types - a pure 
fibrosis of the lungs, nontuberculous in origin, silicosis; and a mixed 
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type with a tuberculous infection in a fibroid lung. Of 61 men examined in 
Bendigo in 1928, 964 percent of the underground workers were diagnosed as 
suffering from uncomplicated silicosis and 7.5 percent from silicosis and 
tuberculosis; 3.3 percent of all workers were found to have tuberculosis only. 


Netherlands 


In the Netherlands (73) a medical examination of 2,013 stonemasons in 
1899 revealed 169 tuberculous cases and 10.8 percent strongly suspected of 
having tuberculosise During the period 1891-1900 the death rate among stone- 
masons for all men between 18 and 50 years of age was greater than in any 
other occupatione Even such injurious occupations as typesetting, cigar- 
making, and diamond-cutting showed considerably lower death ratese The death 
rate in the age group 18-24 years differed little from the average for all 
occupations; the highest death rate was noted between 26 and 50 years. Of 
952 stonemasons, dying during 1886-98, 87 percent died of diseases of the 
respiratory organs. The first general examination of adult stonemasons took 
place in 1923, the second in 1926, and the third in 1929. In 1923 in nearly 
half of the cases the X-ray examination gave. more information than the 
physical examinatione. Of 69. cases in 1929 lung affections were not shown 
clinically in 19 but were shown ‘in Cane aE ey examination one in 38 cases both 
clinically.and by X-ray. : 


As a result of examination of stonemasons who in the course of their 
lives had worked on certain kinds of stone and others who had worked on more 
than one kind of stone, Kranenburg; (73) reporteca. that of 16 sandstone 
workers 2 were in the second stage and 5 in the third stage of silicosis 
after 20 to 30 years! employment in the occupation; of a total of 74 Belgian 
limestone masons only 5 were in the second stage and none in the third stage 
after the same number of years! employment in the occupation. Using the. 
third stage as a test, the proportion was more unfavorable among the 90 
stonemasons working various kinds of stone inctuding sandstone than among the 
Belgian limestone. workers, although relatively favorable in comparison with 
the sandstone workers. A striking fact was the large number - 18 — of Belgian 
limestone workers who snowed no affection after 10 to 30 years! employment 
compared with only 4 stonemasons worlzing on all kinds of stone. Fewer cases 
of third-stage silicosis were found among Belgian limestone workers after <O 
to €0 years' employment or longer than among sandstone workerse 


In his general conclusions Kranenburg (73) made the following statement 
regarding the effects of. sandstone and limestone: 

~The working of sandstone alone must be regarded as more injurious 
to the lungs than the working of limestone alone. The working of sand— 
stone alone does not always lead to symptoms of silicosis and, on the 
other hand, the working of limestone alone (Belgian limestone, marble) 
does not prevent silicosis in a serious form. The working of sandstone 
and limestone alternately appears to produce less serious results in 
the same period than the working of sandstone alonee 


2788 sa OD ee 


Google 


TeCe 6835 
Italy ve fais 


In. Italy the first clinical and anatomical observations (74) probably .-: 
were made by RamazZinie In 1906 Biondi (75) observed that. the greatest damage 
to the miners in the mines of Sardinia was due to the action of dusts from: :;: 
gangue containing silicatese ile also noticed that virtually all coal miners - 
were addicted to coughing and continued to expectorate black sputum even some 
time after they had quit their occupation. He found minor dust. injuries. 
among the Bergamo miners in 1907, perhans because they labored intermittently 
in mines and on farms. However, in a few miners, especially the older men,-- 
Biondi found cases of pharyngitis and bronchial catarrh, with dark sputum due. 
largely to the black smoke of the candles used, and he observed that acute 
affections of the respiratory apparatus were more serious and more Ua ve Ene 
in these workers. 


In 26 post-mortem examinations of Sadinian miners Frongia (76) in 1908 
noted that the cause of death was in most cases an acute infection (pneumonia); 
he also found among these workers many cases of serious and diffused 
arteriosclerosis, emphysema, and anthracotic foci, with more or less diffused 
softening of the tissues and gangrenous foci containing a black brothlike 
matter - the characteristic finding of black.phthisis. On the other hand, he 
found foci of bronchiectasis due to tuberculous infection in only 5 casese | 
Highty-five percent of the fatal cases BMOne these miners therefore were not 
caused by tuberculous infection. : 


“Sesered: Rota, and Finzi (77) in 1906 reported on health conditions of 
workers in lime, cement, and plaster. Pesenti affirmed the high incidence 
of pneumoconiosis among workers in cement and plaster but did not include 
proportional statistics. He believed that inhalation of cement dust did not 
produce tuberculosis and did not favor the progress of the disease. Rota and 
Finzi founda that of 635 deaths among the permanent workers engaged entirely 
in lime and cement work 26 died before the age of 40 and 11 under 50. The 
cause of death in 20 of the 63 cases was pulmonary diseases ~ 9 acute pneu- 
monia, 2 pleuromédiastinitis, and 9 tuberculosis. Rota and Finzi stated that 
tnere was no truth in the statement that workers in limekilns enjoyed a certain 
immunity from tuberculosis. On the contrary, they found that the greatest 
toll to this disease was paid by. kiln workers. For example, 9 of 35 deaths 
of such workers were due to tuberculosise Physical examination of 218 factory 
workers revealed 1°22 cases of harsh respiration in the upper respiratory 
passages, due certainly, they asserted, to an incipient pneumoconiosis or in- 
filtration of dust into the peribronchial lymphatic channels. Harsh respira- 
tion was found more frequent ly in those employed for a long time, especial ly | 
those who had. worked 10 to 12 years; it was present in 52 of 128 kiln workers, 
18 of 26 workers transport ing stone, 43 of 50 crushing-machine operators, | 
baggers, and porters of ce aad workers were also ene Dyer yeu 


Bianchi (78) made a ever clinical and radiological sen inatlon of 250 
workers employed . in more or less ‘closed workrooms, as sculptors, rough hewers, 
modelers, and workers in grinding. rooms. After excluding all cases of sus- 
pected syphilis and other chronic lesions, they studied 73 workers in marble 
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wo had no inherited disease or previous disease history and were free from 
definite or suspected symptoms of affections of the resniratory passages 
nica might come under the category of common infections. X-ray examination 
revealed diffuse nodes of thickened tissue spread over almost the entire 
respiratory surface. In these cases he could determine only a slignt per- 
centage (20 percent) of functional alterations with symptoms of chronic bron- 
ciaitis and pulmonary emphysema. 


as the result of a radiogrannic and elinical examination of 105 Carrara 
marble workers employed in marble grinding and of other workers such as 
sculptors, rough hewers, sawyers, and polishers Turano (79) made the following 
statement: 


The changes met with among Carrara marble worxers may be classed in 
tne initial stage of pneumoconiosis, that is to say, comprising the 
least serious forms of the disease, such as the very marked reinforcement 
of the pulmonary outline, due as demonstrated by personal observations, 
to the processes of arteritis and lymphangitis, and in certain cases 
equally to conditions of emphysema usually present among those workers. 


I have also found frequent pleuritic changes which can be related 
to inhalation of marble dust, but never lesions of the pulmonary 
parencnyma. 


the radiological aspect of pulmonary tuberculosis among workers ex- 
amined is on the otner hand highly important, since it shows an atypical 
picture on which are noted lesions with unusual sites and apical and 
subclavicular regions unaffected. It is this fact which has led me to 
admit the probability of a combination of pneumoconiosis and tuberculosis. 


Finally, statistical as well as radiological data justify absolute 
exclusion of the theory of a particular benign or malignant course of 
tuberculosis among marble workers, as likewise of any kind of predisnosi- 
tion to the said specific disease. 


South Africa 


Mining started in South Africa on the Witwatersrand in 1886 (80). Ai 
first the workings were shallow and in the oxidized or "free-milling" zone 
where the rock was relatively soft, friable, and dam. By 1892 extensive 
xeep~level »rocerties had been operated, and drilling by machines was intro- 
cuced. As long as the mines were working in the free-milling zone very 
~ittle dust was produced, as the mines were shallew and probably fairly well- 
vyeutilated, and it is unlikely that the men were greatly affected by the 
custe Very few people in South Africa suspected that mine dust was in any 
way injurious to health until the Government mining engineer of the Transvaal 
Mines Devartment in a report in 1902 mentioned "miners' phthisis" as a dis- 
ease "which seems tc be peculiar to men employed in rock-drill work." This 
report, which covered the 6 months ended December 1901, stated that of 1,377 
mchinemen employed previous to 1899, 225 were known to have died between 
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Cctober 1€99 and January 1902, an average annual ceath rate of 73 per 1,000. 
These facts arrested the attention of the Government, the mining community, 
and the general public, and in Decemoer 1902 the first (ransvaal) Miners 
Phthisis Commission was appointed "to inquire into and report on the disease 
commonly know as miners! phthisis." A report was issued in 1903. The commis- 
sioners attempted to procure a medical examination of all working miners, but 
the returns were incomplete partly because many of the miners were reluctant 
to submit themselves to ezamination. Of the 1,201 miners examined 15-4 per- 
cent were affected by miners" phthisis and 7.3 percent were suspected. The 
Report of the Medical Commissisn issued in February 1912 was the second land- 
mark in the medical history of silicosis in South Africa. The actual examina- 
tions were more complete than in 1903 but did not cover all the underground 
employees. A general clinical examination was made of 3,136 working miners, 
supplemented by a special examination of 326 men, in which radiography was 

for the first time applied to the examination of cases: on a fairly extensive 
scale. ‘he prevalence of the disease omens. the working miners examined was 
found to be 26 percent, with an additional 5.5 percent of doubtful casese 

“nis figure is somewhat higher than that found in 1903 but probably reflects 
the result or a more i exeenSl ve eevee utes erie. 


According to teeta: Mavrogordato, and Pirow (81) 1916 was a cardinal. 
year in toe history of silicosis on the Rand. It was marked by the institu- 
tion of the Miners' Phthisis Medical Bureaw and the publication of the General 
Reoort of the Miners! Phthisis Prevention Committee. The present-day system 
of detection and prevention of silicosis on the Rand dates from 1916. A 


total of 6,472 original compensation awards were made to miners anor Silicosis 
from 1912 to 1916. 


Mecen dias to the Report of the Miners! Fathisis Medical Bureau (82) for 
the Three Years Ended July 31, 1932, the averase numver of new cases of 
silicosis and tuberculosis with silicosis among the miners of the Witwatersrand 
vas over 800 annually during the 4-year period 1912-16. The report also states 
that 895 cases of "primary-stage" silicosis were detected from 1917 to 1920; 

723 cases of “antevrimary stage" from 1920 to 1923; 1,23& cases of "anteprimary 
stage" from 1923 to 1926; and 917 cases of ioaeeeeey etanat from 1926 to 
1929 In 1930-31 the number: of new cases for the first time in 8 years fell 
below the standard level of 20] eooone Wiich was the average annual production 
Tor the penzes 1920-23. 


The following statement by Hildick—Smith (83) summarizes briefly the 
status of miners! phthisis in South Africa. After quoting figures snowing 
the percentage production rate of silicosis for tne preceding 15 years he said: 


From a study of these figures I personally am inclined to think that 
the time is uot far distant when the incidence of silicosis will have 
ceased to be a matter of serious concern to the industry. This, I think, 
will be accomplished by the elimination, in wnole or in part, of the 
dangerous dust from the underground air. Old habits of thought were in- 
clined to persist in regard to the production of silicosis on the minese 
The revory on the work of the Miners! Phthisis Medical Bureau shoved the 
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maximum percentage production rate for silicosis had decreased from 14e5 
percent after 14 years! service in the period 1918-20 to 4.5 percent 
after 17 years! service in 1931-32. The graduation rates for all miners, 
including men working underground before the inception of the Fhthisis 
Bureau in 1916, show that the present maximum production rate is under 4 
percent after 20 years! service. Of the 157 miners notified last year 
that they hac contracted silicosis more than one half began work in 
1916-17, one in 192223, and one in the following year. Since 1923 
there have been no cases of contracted silicosis - in other words no new 
Rand miner has been found suffering from silicosis in the last 10 years. 
These results are confirmed by the fact that less than 50 percent of tne 
patients at the Springlcell Sanatorium are of the miner classe 


With regard to the employment of silicotics, Hildick-Smith said that 978 are 
now employed by the mines - an increase of about 110 since November 15, 19353. 


United States 


Data are not available on the general incidence of silicosis in the 
United States. Such data are difficult to obtain in the existing state of 
American vital statistics; exact knowledge of the ponulation at risk ina 
given occupation, classified by age, is obtainable only with great difficulty 
and by special and intensive research (37). In an analysis of statistical 
data of ‘this kind Greenburg (37) calls attention to the importance of con- 
sidering groups that are fairly comparable, so that the effect of industrial 
hazards will not be complicated by the influence of social and economic fac- 
tors of a more general nature. He states, for example, that in Hoffman's 
studies published in 1918 ratios presented for the various dusty trades are 
based on the industriel experience of the Prudential Insurance Co. but that 
the ratio used as a norm for comparison of males in the registration area vas 
obtained from data of the United States Census Bureau. On this basis almost 
all the industries which he tabulates show a surprisingly high tuberculosis 
ratio, including many trade designations of workers, such as "iron and steel 
workers", who can hardly be considered as generally exposed to a serious 
dust hazard; his abnormally high ratios, therefore, probably are cue to the 
general social and economic conditions of the wageearner's life and to the 
fact that the group is an industrial one. It seemed evident to Greenburg 
(37) that a comparison between the Prudential figures for a given dusty trade 
and the Census figures for all occupied males, which gave Prudential ratios 
25 to 50 percent higher for tuberculosis than those for the registration area, 
was not a fair one and that the conclusion reached through such a comparison 
was unwarrantede 


Several special investigations, carried out in certain industries in the 
United States, that have attracted attention because of the high death rate 
from tuberculosis (84) are described below. — 

Mining.- The first investigation of silicosis in the mining industry in 
the United States was made in 1914-15 by the United States Bureau of Mines 
in cooperation with the United States Public Health Service in the Joplin 
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(Mo » ) mining district (85). Of 93 men examined 64 showed plain and definite © 
evidence of pulmonary disease, K) were suffering from manual nonirs disease, 
and 26 were seemingly welle To sain a more accurate idea of the prevalence 
of consumption among the miners in the Joplin district it was decided to ex- 
amine a large number, and from May 15 to December 31, 1915, 720 miners were 
examined; 4567 percent had silicosis and tuberculosis and 503 percent had 
tuberculosis. <A later report (1927): of this same investigation by Lanza and 
Childs (86) contained the first si iccumuaraa Aa studies of silicosis made in 
the United States. ? 


Investigations of mining conditions by Harrington and Lanza (87) in 
Butte, Mont., in 1921, revealed that 42.4 vercent of 1,018 miners examined 
showed definite signs‘of lung damage due to dust. An examination in 1921 of 
303 gold miners in Nevada disclosed that 80 percent had silicosis, and a 
study in California in the same year revealed that 25 prem of 181 gold 
miners had gilicosise , 


In 1923 the mining companies of the Tri- State detect (comprising the 
zinc- and lead-mining areas of southwestern Missouri, southeastern Kansas, 
and northeastern Oklahoma) asked the-United States Bureau of Mines to de- | 
termine whether measures in tise were adequate for the prevention.of silicosis 
and, if not, to recommend’ improvements. - The .1923 investigation (88) included 
the eeentnat ton of 309 miners, 101 of whom were found to be negative,. 114 
doubtful, and 94 positive cases of silicosiss Of the positive group 52 were 
in the first stage, ae in the second stage, and 20 in the third oe of 
Silicosis. 


From July ie 1927 to June 30, 1932. the Metropolitan Life Insurance. Co., 
the Tri-State Zinc & Lead Ore Producers Association, and the United States 
Bureau of Mines operated a cooperative clinic at Picher, Okla. (89), to. 
demonstrate to industry a workable method for diagnosis of silicosis, to edu- 
cate workers in preventive measures, and to serve as a model to industries 
presenting a dust hazard. During this period, of 27,553 individuals examined, 
0,366 had silicosis, eo ca oe me ea and 320 ae 
tuberculosis. 


hecovaine to the United States Public Health Service (90) the percentage 
of anthracite miners and their helpers showing signs of pneumoconiosis in- | 
creased from 2 percent among those with less than 5 years! service to 16 »er- 
cent among those with more than 15 years! service (for persons under 45 years 
of age). Of 95 X-rays of bituminous-coal miners 40 (42 percent) showed 
generalized fibrosis, chiefly linear in character. The percentage of deaths 
caused by all respiratory diseases among anthracite miners in Pennsylvania 
was definitely higher’ ‘than | that of ‘other @adult males in the general population - 


o © see. 


the Wilkes-Barre coal field (91) + 


xKibbey (92) ‘reported in: 1931- that sraeticeliy. 100 eeuaenl of the miners 
who worked in the several coal mines operated by his company in Alabama had 


anthracosis and that they had a higher mortality rate EEO: RUPSTCuTORse than 
any other wageearning groupe 
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From a study of industrial morbidity statistics for the period 1924~27 
Bloomfield (93) fcund that 38 cases of pneumonia had occurred among the 
1,637 bituminous~coal miners employed during the same period in the mines 
operated in connection witn an iron and steel plant. Occunational analysis 
disclosed that 33 of the 28 pneumonia cases were associated with only 2 of 
the 69 different occupations in the mines ~— pick-mining and loading coale 
The pneumonia rate per 1,000 for miners and loaders was 31, whereas the rate 
Sor all other mine workers was only 8-5 per 1,000. 


the apparent similarity of the risk in mining and the risk in the pro- 
cesses involved in excavating and tunneling, so far as the silicosis hazard 
is concerned, led to an investigation of such processes in New York City by 
Smith and Fehnel in 1929 (84). Of the 208 drillers, blasters, and excavators 
examined 42 percent showed. early and 15 percent well-developed silicosis. 
nvidence of tuberculosis, including both active and inactive cases, was found 
in 9 percent of the total numbere 


Grinding.- According to Hoffman (4) the industrial insurance mortality 

statistics of the Prudential Insurance Co. from 1897~1914 showed that 143 

(46.69 percent) of 305 deaths among grinders were due to pulmonary tuberculosis. 
an’ another group of 5,988 grinders, which included cutlers, scissors grinders, 
ax, plow, and other steel grinders but excluded foremen and superintendents, 
tne actual mortality .ffrom all causes was 17 percent in excess of the expected 
mortality; in other words, for every 100 deaths expected on the basis of 
normal experience there were 117 deaths among this groupe. 


In 1920 Winslow and Greenberg (94) investigated the dust hazard in an 
ax factory. ‘They quoted Drury's exhaustive statistical study on tne incidence 
of tuberculosis among grinders and polisher’s as snowing that from 1900-18 the 
death rate in a group including 90 polishers, 85 wet grinders, and about 25 
dry grinders was 1,000 percent. Their investigation revealed cust conditions 
serious enough to cause sucn an excessive death rate. 


To indicate the effect of silica as a predisposing cause of tuberculosis 
Riddell (95) in a paper published in 1926 quoted the following mortality 
table prepared by Drury for a Connecticut community (agricultural except for 
an ax factory employing 800 men): 


Death rate from tuberculosis in a Connecticut community 


Entire population of factory district cecccccessecccesvee 200 per 100,000 
State as a whole eececrccccercccesccscccsvcnvesecseesese LOO per 100,000 
Factory population evecccvecccnccvcevcvnc sececcrecccccee 65C per 100,000 
Polishers and grinders ceecvcccceccvcccscccccesecscescese 1,900 per 100,000 


In a review of the pulmonary tuberculosis developed in a large grinding- 
wheel plant Clark (96) found that from January 1, 1918 to December 31, 1930 
snere had been 42 cases of active pulmonary tuberculosis, 38 of whom were men 
and 4 women; 27 of the group were employed at factory work of some kind, 
while 5 did clerical work. Of the 42 workers who had developed tuberculosis 
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22 were dead at the time Clark prenared his report, 18 were living, and 4 
could not be traced. Of the 18 living 135 were working, 3 were at home under 
care of a physician, and 2 were in hospitals. The average number of employees 
during the 13-year period was 2,460. oa, 


According to Kessler (97) over 100 cases of silicosis were alleged tO 
have occurred in the abrasive-powder industry in one State-involving 4 com- 
vanies wnich pumped sand by hydraulic pressure to a plant, where it was 
washed, steam-dried, screened into various sizes, and tnen pulverized in 
closed tube mills. Six of the workers had died and been autopsied and many 


others were reported to have died, but the results of the autopsies were not 
1 
KNOWN « | 


Granite industry.-_ In his reoort of dust phtiisis in the granite-stone 
industry, published in 1922, Hoffman (98) summarized the results of his in- 
vestigation as follows: 


Che Se aeatens industry is carried on by wageearners who, broad- 
ly speaking, live under sanitary conditions above the average, so that 
possibly. unfavorable environmental factors are of decidedly secondary 
importance. : 


Tne housing conditions under which granite workers live are also 
abcdove the average, so that in this respect the environmental factors 
are favoravle to a low mortality ratner than otherwise. 


Anthropometric records clearly establish the fact of a superior 
physique, indicative of a higher degree of disease resistance, as dc- 
termined by a relative weight above the average. From this point of 
view, therefore, granite workers should experience a relatively low mor- 
tality from pulmonary tuberculosis instead of a mortality decidedly 
above the averase normal to industrial occupations. | 


Granite workers, scneidered by sescigie occupations show wide 
variations in tuberculosis frequency, the excess in the death rate 
being tiost marked among the men em loyed in granite-stone cutting, it 
being especially severe among men employed:in the use of pneumatic 
tools. Certain occupations, such as polishing, tool sharpening, bed 
setting, etce, do not show a marked excess, if any, in the mortality 
from pulmonary tuberculosis, clearly indicating that the risk is prac- 
tically proportionate to dust. PenaGen ae 


Compared with the normal death rate of adult males of the State 

of Vermont, or of New England, the mortality from pulmonary tubercu-~ 
losis among granite-stone: workers has increased: enormously during the 
last 2 years, as contrasted with a diminishing mortality in tne popula- 
tion at larze. Against.a decrease.in the pulmonary tuberculosis death 
rate of adult males of the State of Massachusetts from 2838.5 per 100,000 
ex nosed to risk during 1895-99 to 203.2 during 1915-18 there had been 
an increase in the corresponding death rate of granite cutters of the 
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New England States | from 432.0 per 100,000 ‘during 1895-9 9 to 1056.7 dur- 

ing 1915-18. The only other occupation for which information is avail- 
able for the corresponding period of time is that of glass-bottle | 
blawers, among whom the mortality from pulmonary tuberculosis diminished 
from 41866 per 100,000 to 265.9. These statistics for the New England 
States are confirmed by similar data for every other stonecutting center 
of the United States, proving with absolute certainty that in every sec- 
tion of the country the tuberculosis mortality of this group of indus- 
trial workers is increasing, in contrast to a locally diminishing death 
rate from this. most fatal of all diseases oo re 


Roce that the normal pulmonary tuberculosis mortality of adult 
males in Massachusetts is only 203.2 per 100,000, it is shown. that the 
present death rate from pulmonary tuberculosis among granite cutters is 
© times the normal experience in the population at large and probably 6 
times what it should be on the basis of strictly noninjurious occupations 
canted on eaesly under hygienic conditions and in the open ere 

the same conclusion applies ‘to nontuberculosis respiratory ‘diseases, 
for it is shown that the mortality from bronchitis, pneumonia, and 
asthma is also on the increase among granite cutters, in contrast to a 
eonre sens rate of frequency among adult males of the general population. 


In the second series of investigations | on health of Workers in the dusty 
trades the United States Public Health Service studied the granite industry 
at Barre, Vt. (99) « The occupational groups were divided into four general 
classes based on the amount of dust to which they were exposed. These groups 
consisted one | 


(A) Hand pneumatic-tool cutters, 614 persons, exposed to an aver- 
age of approximately 60 million particles. — 


(B) All other occupational grouos exposed to more than average 
plant dustiness. This group contained 104 persons in occupations 
where bhe dustiness averaged between 27 and 44 million particles. 


(C) Those occupational groups consisting of 146 persons exposed 
to average plant dustiness (20 million particles). 7 


(D) Those occupational groups exposed to less than average plant 
dustiness.e This group contained 108 persons in occupations where the 
dustiness averaged between 3 and 9 million particles. 


The following summarizes in part the results of the study on prevalence of 
silicosis and tuberculosis among these workers: - 


Having a clear-cut diagnosis of silicosis and complete information 
with regard to the magnitude of dust exposure, it was possible to study 
the proportion of persons developing silicosis by length of service. 

In the A group, or that group in which there was heaviest dust exposure, 
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the first case of silicosis appeared after approximately 2 years of 
service, and by 4 years of service all in. this group: seemed to: have de~ — 
veloped at least an. early case of silicosis». In the same dust-count ~ 
- group the first case of more developed silicosis appeared after 5 years 
of service, and by 9 years.anproximately ©°O percent had advanced to =~ 
this ptaae. The study of the other dust-count groups showed that the’ 
cevelopyment of silicosis WaS proportionate to the dust exposure» In 

the case of the D geroun, 2 cases of early Silicosis occurred after 10 
years! exposure, and 1 case of. moderately . developed - ‘silicosis after 6 
years! exnosureée. : , 


General prevalence of tuberculosis complicating: silicosis.- In 

plants carrying morbidity records, where it was believed certain that 

all cases of.tuberculosis were diagnosed’ as such, the-total’ rate was 

5-7 percent or 6¢5 percent if early cases are included. Latent or 

suspected cases of tuberculosis (among ‘those given hy sical examina--— 

tions) gave an additional 3.8 Pence Tiese figures represent the num= | 

der of cases found over a period of 23 years, and consequently the rate 
is different from what ee be’ obtaivied on an ene ey cross-section 

Surveye . ; 7 eee - “ge Fey 


mubenoutes as of dust groups and years in franite.~ The association 
between the high tuberculosis prevalence among granite ‘workers and the 
‘- Gust hazard was shown by determining the rates for. that ‘disease in the 
different dust-count grouns by length of service in the’ granite indus- 
try. The comparison between A‘and B groups and C and D- groups was ex- 
tremely significant. lo cases were. found in ‘the D group, ard C group 
furnished but 3 cases, 1 of which occurred under 5 years! exposure; : 
another, under 10 years. Of particular importance ig the fact that in 
35 years of exposure the rate did not rise. Rates for the A and B 
groups rise steadily with increase of length of service to 15.5 percent 
in group A and 19.1 percent in group B. Even when the suspected tubercu- 
losis cases are added, the general ricture is not materially changed. 
In neither the C or D grows does there occur any-excess of cases after 
longs exposure, while in the * and B groups the rate rises with lengta 
of service in a@ similar manner as aoe active mune scuroen Ss 7 


Reeouaae to Soasien (199) seaeieered aise Pat eorere exoosed to 
silica dust and, to a smaller extent, other dusts have an excessive death rate 
from tuberculosise ‘The introduction of pneumatic and: electric tools -in pro- 
cessing stone has caused a tremendous increase of tuberculosis of the lungs © 
in those working with these appliances. In 1890 when stone was cut and | 
polished with comparatively crude tools the death rate from tuberculosis among 
these workers was 150 per 100,000. By 1910 it had incréased to 1,080 per 
100,000 and by 1925 had reached 1,950 — an increase to 13 times that of the 
period before high-speed tools came into uses. The explanation, of course, 
is that modern equipment creates many times the density of dust in air pro- — 
duced by manual labor. Cases of silicosis also became very numerous, and many 
of them developed tuberculosis. During this same period, when tuberculosis 
was increasing so rapidly among these workers, the death rate from tuberculosis 
throughout tne country was reduced to about half the rate of 1890. 
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ene report of the Special Industrial Disease Commission of Massachusetts 
(101) shows that the granite industry presents a severe silicosis hazard. 
Surveys were made of 314 granite establishments, and dust studies were made 
in 13; X-rays and physical examinations were made of 961 graniteworkers; 152 
percent were found to have silicosis and 7.6 percent silicosis with tubercu- 
losise 


Foun ae industrye~ The Special Industrial Disease Commission of Massa- 
chusetts surveyed 225 foundries (101), in which 12 dust studies and 1,614 
physical exeminations and X-rays were mide. In the foundries studied ex- 
cessive dust counts were found in connection with many of the operations. 
The need for immediate, effective control of dust conditions in foundries 
was evidenced’ by the fact that silicosis was found in 8.8 percent and sili- 
cosis with tubersulosis in 26 6 percent of the workers examined. 


In a study of the oats industry McConnell and Fehnel (102) found — 
that the death rate for respiratory diseases (including all forms of tubercu- 
losis and influenza) for iron and steel foundry workers was about two and 
one third times that for workers in all industries combined and was more than 
twice that for workers in any of the industries selected for comparisone 
More than a third of all deaths among foundry workers were caused by some 
respiratory disease, whereas but little more than a fifth of the deaths of 
workers in industry were due to these causes. A striking fact revealed is 
the uniformly high death rates for foundry workers for each of the resoiratory 
diseases throughout the working period of life. Another outstanding fact is 
the high rate for pneumonia, bronchitis, etce, the foundrymen's rate being 
nearly three times that for all workers combined. Among iron and steel ~ 
molders, founders, And casters, where 12 deaths from pneumonia might have 
been expected, there actually were 38, a ratio of actual to expected deaths 
of 315 percent; 24 deaths were recorded for respiratory tuberculosis, where 
13 might have been expected, a ratio of 179 percent; the ratio for influenza 
was 216 percent, based on 23 actual compared with 11 expected deaths. In an 
analysis of the occupational mortality of adult white male industrial policy- 
nolders of the Metropolitan Life Insurance Co. who died during 1922-24 a 
comparison is made of the proportion of deaths due to any one cause in any 
cne specified occupation group with the proportion due to the same cause 
among all occupied’ white males. Again, pneumonia was the leading cause of 
death among foundry workers, a condition not true of any of the other 71 | 
occupations included in the analysis. When differences in the age composi-. 
slon of the two groups were taken into account it was determined that the 
proportion of deaths from pneumonia was 120 percent higher for foundrymen 

than’ for occupied males generallye Likewise, the proportion of deaths from 
eas was 82 percent higher, that for tuberculosis of the respiratory 

ystem 5 percent higher, and that for other respiratory diseases 17 percent 
oe, McConnell and Fehnel (102) emphasize the harmful effects on the 
lungs of exposure of workers to dust inhalation; 67 of 215 X-rays taken were 
diagnosed as positive for silicosise Advanced cases of silicosis were not 
found among those examined, but sufficient evidence of occurrence of the 
disease was presented. 
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Cement industry.- A d-year study of the cement industry by the United 
States Public Health Service (103) revealed the following: 


a-ray films were cbtained of the cnests of 53 employees in several 
different occupational grours, length of sérvice varying from 6 months 
to 15 years. On the basis of the findings, these employees were classi- 
fied into 5 groups, as follows: (1) Those showing evidence of pncou- 
monoconiosis (2) those showing evidence of tuberculosis and pneumono- 
coniosis, (3) those negative for pneunonoconiosis, (4) those showing 
evidence of tuberculogis without prewionoco-iiosis, and (5) doubt ful 
CaseSe 


The earliest case of pneumonoconiosis appeared after 3 years! ex- 
posure to cement. Of the 54 men selected, 37 had been in the industry 
more than 3 years and are therefore used as a basis of comparison. 
Among these 37 men, 15 showed evidence of pnewaonoconiosis, 3 of the 15 
also having tuberculosis. In the grouo of 22 who showed no evidence of 
-pneumonoconiosis 8 gave evidence of arrested tuberculosis, 4 showed no 

- evidence of either pnewnonoconiosis or tuberculosis, while 10 were con- 
pacered doubtful. , . Bg 


In none of the cases showing pneumonoconiosis were there any ae 
cal symptoms of the condition, although the general fibrosis present — 
and its distribution through the lungs were indicative of the condition. 
Cement workers appeared to have more than a normal’ amount ‘of calcified 
nodes in the lungs. 


Of the 570 workers examined, 21, or 3.7 percent, were diagnosed as 
either positive or suspected. cases of pulmonary tuberculosis. In only 
2 cases, however, was the disease active at the time of the first series 
of special chest examinations, and neither appeared to progress as the 
result of exposure to. the dusts. In the history of both cases it was 
evident that the disease nad developed before the men entered the ce-- 
ment industry. One of them died about.a year after the study closed, 

while with the other the disease apveared to have become quiescent 
when the study was closed. All the rest of the cases, with the excep- 
tion of three, which were doubtful as to diagnosis, appeared to have 
developed their lesions before they entered the industry. and were con- 
tinuing in their occunations without any evidence that the lesions were 
progressinge 


According to Russel (104) the frequency of disability on account of 
respiratory dise4ses among the cement workers was twice as great as the 
average respiratory rate among: employees of 11 manufacturing plants in rela- 
tively nondusty industries. ‘The highest rate for all respiratory diseases 
in any one of these establishments was 30 percent below the rate for cement 
workerse | 
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Elliott (105) was the first to direct attention to silicosis in Ontario, 
Canada; in an article on Silicosis in Ontario Gold Mines puolished in 1924 
he reported that 3 of 11 underground workers examined by him presented evi- 
dence of silicosis, indicating that the cisease was veing produced in this 
mining areae In 1925 and 1926 a further survey was made by the Industrial 
niygiene Division of the Ontario Department of Health. Miners with more than 
5 years! experience underground in the individual mining area and with no 
exposure to silica dust elsewhere (a few of those examined had nad some ex- 
posure elsewhere) were given a physical examination. Of 1,220 men examined 
74 showed evidence of silicosis:—- 52 in the anteprimary, 11 in tne ees 
and ll in tne secondary stage. 


During the period April 1, 1926 to April 1, 1927 a survey of silicosis 
was mace in the Porcupine group of mines in Northern Ontario under the 
auspices of the mine operators in compliance with the amendment to the Miners' 
Phthisis Act of April 8, 1926, bringing silicosis under the status of a com- 
pensable industrial disease. Approximately 4,000 miners were examined for 
tuberculosis, silicosis, or both. Asa result, 94 silicosis claims were 
submitted for compensation. Using the South African nomenclature, of these 
94 cases 39 were diagnosed as anteprimaries, 28 as primries, and 27 as 
secondaries; in addition, 247 men showed either positive or probable 
tuberculosis (106). 


Tynes of Dust Injurious to Health 


The relation between dust inhalation and lung diseases was recognized 
very early, as indicated by the literature cited above, but it was also 
recognized that certain dusts caused severer symptoms with cuicker fatal 
issue than others. As the symptoms caused by inhalation of certain dusts 
were long delayed or were attributed to other causes, such dusts were con- 
sidered harmless and some even beneficial in the prevention of lung diseases 
when inhaled with the more harmful onese Ancient writers seldom distin- 
guished between the various forms of respiratory diseases but rather referred 
to a general-relation between lung affections and dust inhalation (28), and 
no really scientific investig cations were made of the workers or the custe 
Ramazzini, however, described the effects on workers of various tynes of 
dust produced in such industries as the hemp and flax industry, silk-combing, 
and corn—sifting, in addition to mining and similar industries. According 
to Collis (28) the distinctions, implied or definitely stated, in Ramazzini's 
excellent clinical description of the types of respiratory trouble which 
follow inhalation of different dusts 


are the more notable, because even today pneumonoconioses are pigeon- 
holed in clinical teaching as a single entity, ascribed to exposure 


to any and every form of injurious dust, of which pulmonary fibrosis 
sums up the pathological findings and phthisis the morbid result. 
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In the decade preceding 1862, wien the stucy of public health was organ- 
ized in England (28), Greenhow made an elaborate statistical inquiry into the 
influence of occupation on health in conection with lectures on public 
health at St. Thomas! Yospital. Simon, then medical officer to the General 
Board of uvealth, considered Greenhow's investigation so important that his 
report was published by the boarc, and shortly after when Simon became medical 
officer to the rrivy Council he intrusted Greennow with the duty of further 
investigations in the great industrial centers. The resulting reports are, 
according to Collis (28), the first example of State medical inspection of 
factories, and he Teer the following statement re; parcing them: 


Throughout these reports runs as a ohene the ingens of dust in- 
halation in causing pulmonary disease, whether among lead miners in 
Yorkshire, tin miners in Cornwall, needle pointers in Alcester, cotton 
operatives in Lancashire,.flax hecklers in Pately Bridge, metal grinders 
in Birmingham and in Sheffield, coal miners in South Staffordshire and 
in Soutn Wales, or stone dressers in Stroud. Why woriz so well started 
was then allowed to lie dormant for so loug, wnile other aspects of - 
public health were being strenuously develoved by medical officers of 
health with inspectors of nuisances apyointed for every town anc dis- 
trict, reinforced now cle a battalion of tuvercul.osis officers, is 
ne | : 


As ares aie. of havestasetiens in South African mines and in other mining 
Gistricts of.the world, so mucn attention was focused on one particular 
Gust —- cilica - as the most harmful encountered in industry that most in- 
vestigators had accepted other dusts as harmless or of negligible importance 
2s a nealth hazard in industry and the disease - silicosis - resulting from 
breathing silica dust as the only important, dust disease. Other dusts, such 
as the silicates (asbestos, for example), have been found almost as harmful 
as silica dust, but the effect on the lungs is somewhat different from that 
of silica ana the hazard not so a 


From general snaeeerouna- experience for more than 25 years in coal and 
rietal. mines and from an. intensive stucy of dust for 8 years. Harrington (107) 
concluded that. — . 


Any dust insoluble in the fluids of the respiratory passages and 
in sufficiently finely divided form to float in the air and be breathed 
by underground workers will ultimately be harmful to health if the dust 
is in the air in large quantities aud is breathea by workers for con- 
siderable periods of timee This applies to insoluble nonmineral as. 
well as mineral dusts or mixtures of them and includes coal dust or 
mixtures of coal and other dustse There are also sone cefinitely harm- 
ful mine dusts which are soluble, and some dust experts anpear ‘to be- 
lieve that the so-called insoluble dusts under certai.i conditions be- 
come soluble and are harmful only when soluble. 


An outstanding impression gained by Ballantyne (108) from the reports of 
the International Conference on Silicosis was that silicosis constitutes only 
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one facet of a very large question — the prejudicial effect of dusts in 
general upon the human subject. Ne concluded that -— 


It (silicosis) is only one of several close-related pulmonary af- 
fections, due to dusts of different kinds. It is the most important of 
these, but only because it is the most definitely known and so many 
workpeople are exposed to the risk. ‘In the case of asbestos dust ‘mow- 
ledge regarding the injurious effects of inhaling it has advanced so 
far as to justify the adoption of legislative measures analogous to 
those relating to silicosis. There are many other kinds of dust, how-— 
ever, as to.the effects of which, when inhaled, we have little or no 
NOME ERR and the investigation of which calls for early attention. 


The Report of the Silicosis. (Medical Arrangements) Committee issued in 
London jn 1929. ae. contains the following statement: 


We are convinced ak silicosis-is more widespread than is generally 
believed and that it occurs to some extent in a number of industries and 
occupations where its presence has not been suspectede 


In 1930 Kettle (110) called attention to the harmfulness of breathing 
dusts 


Dusts of various kinds occur in the atmosphere in all parts of the 
world, and the inhalation of these dusts over periods of years inevit-— 
ably produces changes in the lungs.. Everyone is familiar with the vig- 
mented lung of the city dweller, an example of a pathological change 
produced by the inhalation of dust which is of no clinical importance 
whatever, but an exaggeration of this condition in the coal miner 

causes definite symptoms, and when the inhaled dust is not the relative- 
ly harmless carbon, but one of the much more sinister possibilities, 
serious pulmonary changes develope The pnevmonoconioses have received 
less attention than they deserve, even in textbooks of medicine and 
pathology. But to the doctors wnose patients are exposed to austy 
trades, to those responsible for the conduct of these trades, and to 

the factory inspector, pnewnonoconiosis is of great moment. 


In the report of a study of dust conditions in German industries, pubd- 
lished in 1932, Lochtkemper and Teleky (66) stated in the summary: | 


The breathing of any dust leads to injury of the lungs, if it is 
intensive enough and continued long enough. 


With intensive and long-continued inhalation of dust, entirely 
quartz—-free dust leads to lung changes clearly recognizable in the 
X-ray picture... The blood vessels appear more clearly defined; there 
‘are also more numerous and thicker honeycomb formations, also in-- 
filtrated. mottling which, however, never shows the very sharp delinea— 
tion and density caused by quartze The subjective symptoms referable 
to the changes are slight; there is none of the lung rigidity char- 


acteristic of silicosis but a complication of diseases, especially 
bronchiectasis and emphysema. 
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“It is theoretically seesivie from the report that many of the occu- 
pational dusts breathed in immense aiounts over a Wety lon; time lead 
to cuatee® not recognized by us weve 


In a discussion of the etiology, peenonoeys and payne signs of 
silicosis Levey-(111) stated: eee; a. 


However, a ane filled with dist is a wounded lung and neue be 
considered as subnormal in its vital resistance toward the onset of 
diseases A lung containing silica dust has a strong predilection 
toward the onset of tuberculosis. | fate eNece pea eal is unusual. 


verninolosy OF Dist aut Seanes. | 


‘The following beanies ae ast wee: ses of the EG? (a2) is now 
used by most writers on he subject: 


Pneumoconiosis Ten ee term covering all cust diseases of the lungs, 
fibrous or ‘nonfibrous (from Greel: gneumon, lunssy ¢ and ‘konisy dust). 


Silicosise- A fibrosis caused by free silica. ee quartz) and the best 
kmown scientifically of the dust diseases of the lungse 


Silicatosis.e- A type of fibrosis found after éxnosure to certain mineral 
dusts and assumed to de caused by varidus silicates. It is distinct from the 
sharply defined, coarse, nodular fibrosis seaused. by, silica duste 


Anthracosise- A dust disease of the lunes found: in goal miners; it is 


ill-defined and is peace to depend ca NORE IAG dust in eco e The lungs 
are’ blacke ? | 


Siderosise- A term applied to a fibrosis of the lungs found in metal 
workerse The condition is ill-defined. The lungs are yellow or red from 
metallic oxides, generally of ircn. : | | 


Asbestosis.- A fibrosis of the lungs with characteristic microscopical 

stigmata due to breathing asbestos dust, a silicate of magnesiume 
rneumoconiosis 

tne diseases resulting from the inhalation of dusts generated in indus- 
try during tne progress of certain processes are generically xnown as 
pneumoconiosis, having been so named by zgenker, as mentioned previously. In 
a brief summary of information regarding certain of ‘the pnneumoconioses other 
than silicosis Collis (113) called attcntion in 1931 to some of the respira- 
tory diseases that may te caused by dust but seldom are recognized as dust 
diseases. The inorganic dusts he classed as insoluble, soluble and harmful, 
and mixed. Under insoluble dusts he mentions that those from certain materi- 
als, such as basic slag and emery, an oxide of aluminum, are insoluble in the 
tissuese Inhaled particles fall on the walls of the bronchi and bronchioles, 
wnere they are entangled in secreted mucus and thea swept back by ciliary 
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action to be expelled finally in sputum. If the dust exposure is excessive 
over @ period of time an inflammatory hyperemia of the walls results, witn 
an excessive exudation of mucus; finally the process extends beyoud wnysio- 
logical elasticity; then degeneration and destruction of the ciliated mucosa 
occur; microbic invasion follows; and chronic bronchitis is established. 


tne process described by Collis is a reaction to the inhalation of all 
Gusts not rapidly absorbed; nence bronchitis stands out as chief pf the dust 
diseases and during middle life causes much recurrent invalidity and in- 
capacity and, after middle life, high death rates. Dust bronchitis cannot 
be ase taeaiehed clinically from bronchitis due to exposure at hot furnaces, 
fumes in industry, or severe climatic conditions; hence it association with 
dust inhalation lacks recognition. 


If the dust particles are small enough (5 microns or less) to be drawn 
into the finer bronchioles and alveoli, which are the seat of attack for 
pneumococci, &@ similar reaction is stimulated; hence the resistance of these 
parts to infection is lowered, and pneumonia results. Fneumonia is even less- 
recognized as a dust disease than bronchitis; nevertheless, mortality records 
of those employed in dusty occupations are high. However, when fine particles 
of insoluble dusts are carried by phagocyted dust cells from the alveoli into 
the lymph stream and lymph nodes of the lungs they tend to remain there as 
foreign oodies and do not provoke any particular tissue reaction. 


Collis (113) says that the most-studied dust of the soluble and harmful 
dusts in this group is that of silicae Next come’ the dusts of silicates; 
although many silicates, such as fire clay and pottery clays, appear to exert 
little if any harmful influence upon the lungs recent work has shown that 
certain other silicates, such as basalt and asbestos, react injuriously on 
the pulmonary tissuese The reason for these differences is not clear; but 
probably it lies in the constitution of the various silicates, the Si0., radical 
being less firmly attached to the molecule in some cases than in others. 


Collis (113) defines asbestosis as a pneumoconiosis that advances to a 
fatal end witnout the supervention of any characteristic infection. It is a 
simple dust condition, just as is simple silicosis; but it is more distress-— 
ing in life and more rapid in this progress than silicosis. It contrasts 
even more strongly with pulmonary mycosis, which is due to a living infection 
upon otherwise healthy lungs. 


Regarding the mixed dusts, Collis (113) says that as long as any dust 
consists of only one substance its influence can be isolated and studied; 
out the case is different when more than one substance is present in the dust. 
Coal dust, which recently has been carefully investigated (114), is taken 
as an instance in point. . No undue mortality from respiratory diseases is 
said to be found among coal miners as long as the coal worked contains little 
or no mineral matter - presuming that the miners are not exposed to other 
dusts, such as those arising from rocks intervening in the coal measures. 
the miners in the Nottinghamshire coal fields furnish a good example; the 
lungs of these men may be as black as the coal they work, but they remain 
resilient and free from fibrosis. 
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In discussing the nomenclature of dust diseases Pancoast and Pendergrass 
(22) state that although silica (Si05o) seems to be the active fibrosing agent 
in most conditions recognized as essentially a pulmonary fibrosis adherence 
to the general term "pneumoconiosis" still seems advisable. .Some other dusts 
undoubtedly cause a fibrosis directly, and still others may either tend to 
retard the action of silica, as coal dust and clay, or enhance its action, as 
alkalies in the mixtures of silica and powdered soap in scouring powders. 
Silicosis is the word much more frequently:tised, mainly because it is not so 
unwieldy and usually describes accurately the particular phase of the condi- 
tion under discussion. "Miners! phthisis" appears in the laws of South 
Africa but is otherwise an obsolete term generally recognized as implying 
silicosis or pneumoconiosis. . There is now reason to believe that silicates 
also produce considerable fibrosis. through their silica content or. because 
certain silicates have a specific action of their OWN. | 

According to Pancoast and Pentevernes (22) there is even more reason to 
employ the occupational terms now than in the past because recently certain 
peculiarities have been attributed. tq the dusts of those industries, even 
though the condition still remains silicosis or pneumoconiosis. For example, 
in anthracosis the action of the silica seems to be modified by ‘the coal dust 
mixed with it; moreover, coal dust alone may vroduce a mild fibrosis. . Collis 
and Gilchrist (114), in a recent investigation of ‘coal trimmers working at 
the Cardiff ‘docks, ‘found that inhalation of large amounts:of coal dust alone 
cover a period of years produced evidences of mild pneumoconiosis which 
presented the same roentgenographic anpearances as silicae It has been sug- 
gested that clay has a similar effect in protecting the workers in some of 
the operations in pottery, industry, but’ not all/sf them. The term "chali- 
cosis" has. deen applied in. che pee’ ae pneumoconiosis of potterse 


In recent years certain very anuecet fonts in connection with pneu- 
moconiosis among aaveskce workers BoTe brought the term "pulmonary asbestosis" 
into active USE e ; : : 


According to Haldane (115) evidence is accumulating constantly that 
scattered fibrosis, giving essentially the same X-ray picture as early 
silicosis, is comparatively common as a result of excessive dust inhalation, 
but without accompanying liability to tuberculous infection. However, he 
thinks that this condition should not be called silicosis, and since it seems 
to arise from excess of any kind of dust and not merely silicate dust pneu- 
moconiosis seems the most suitable name for ite 


Silicosis and asbestosis are forms of pneumoconiosis that have been 
clearly defined clinically; the other forms of pneumoconidsis, as anthracosis, 
siderosis, and many others, still lack comolete definition. Although con- 
siderable racdiogranhic evidence nas been accumulated on these latter types 
cf occupational dust exsosures corroboratory evidence has not been deduced 
from correlations of the X-ray findings with pathological anatomy, chemical 
examination of tissues, and studies of the industrial environment (116). 
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Silicosis 
Definition 


Rovida (117); the first to mention silicosis, used the term in 1871 in 
describing "a case of silicosis of the lungs with chemical analysis." 


: At one time it was believed that several substances were capable of 
producing the lung condition called silicosis, but it is now agreed fairly 
generally that all types of dust fibrosis of the lungs are due to some form 
of the element silicon (118). The recognition that silicon was the important 
element in pneumoconiosis was a great step forward but, according to a recent 
statement by Kettle (118), there is no doubt that the teaching that only one 
form of silicon — the oxide silica - is capable of producing the disease was 
accepted too readilye the realization in recent years that asbestos can pro- 
Cuce serious pulmonary fibrosis should have been a warning that a too- 
restricted view was being taken’of the matter; this has been borne out by the 
recent work of Jones on sericite. However, the following definition adopted 
at the International Silicosis Conference dn South Africa in 1930 (119) is 
still accepted: 


Silicosis is a pathological condition of the lungs due to inhala- 
tion of silicon dioxide... It can be produced experimentally in animals. 


Symptoms 


Inhalation of silica dust usually is not accomvanied by evidences of 
irritation and if free from other irritating dusts may be breathed without 
arousing suspicion of its dangerous character (99). 


The following discussion of symptoms of silicosis is based on the find- 
ings of 9,662 examinations of 7,722 employees at the Picher Clinic of the 
Bureau of "Mines in 1928 (88). 


Shortness of breath has been generally recognized as the cardinal 
symptom of silicosise Dyspnea accompanies exertion in the earlier stages of 
silicosis and increases progressively until in the later stages it often pre- 
vents any labor. The apparent distress on exertion frequently noted in 
silicotics who deny shortness of breath.seems out of proportion to the very 
slight rise in pulse rate taken 2 minutes after exertione 


Chest pains were admitted frequently, generally anteriorly, and more 
often on one side only. In many instances the pains seemed of a reflex 
charactere In nearly all cases they were vague and flitting and did not 
seem to interfere with manual labor. Pains in the shoulder and possibly in 
the posterior part of the chest probably are considered by many of the men 
as "rheumatic"; such pains seem partly responsible for the large number of 
complaints of rheumatism. 7 


Couzh is a symptom frequently admitted in silicosis and generally is 
unproductive e 
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Expectoration as a symptom was-admitted infrequently. When present in 
uncomplicated silicosis the sputum usually is clear or has a bluish tinge 
and is of a viscid, tenacious consistence, very difficult to cough une The 
color of expectoration may be due to the color of rock mined. 


Hemoptysis appeared to be more corimon anon silicotics than was expectede 
In some instaices, narticularly in second= as well as in third-stage silicosis, 
fibrotic areas may masiz a tuberculous lesion wiica remains unrecognized until 
it becomes an open lesion, when the sputum will siow the tubercle bacilli or 
hemorrhage will call attention to the true conditicne 


It seems probable that some of the admitted nignt sweats were not true 
pathological night sweats, but the relatively high incidence in tne silicotic 
Groups apoears difficult to exnlain exceyt on the assumption that at the 
time of the sweats some active infectious process was in progresse This 
could be due to tuberculosis; it may have been cue to a pyofenic infection 
or malaria, as 33 percent of the silicotics examined gave a history of previous 
attacks or malariae | 


The loss of strength admitted by silicotic in most instances probably vas 
connected with tueir dyspnea on exertion and was due to respiratory insuf- 
ficiency. ‘his probability is strengthened by the small number of silicotics 
with poor physical develonment (4 of a total of 1,062). 


Gastrointestinal symptoms were pronounced in the more advanced cases, 
and loss of aupetite was admitted. Other pronounced symptoms in advanced 
cases of silicosis were constipation, epigastric discomfort, and other vague 
complaints which the men termed "indigestion." The causes of the gastro- 
intestinal symptoms were not ascertained. _ 4 


Sayers (120) summrizes the clinical findings in silicosis as follows: 


The practically constant clinical signs are: A certain lack of 
elasticity of the chest wall during the movements of respiration, to- 
getner with a somewhat reduced air entry, and a characteristic altera- 
tion of the inspiratory marmur from the normal "vesicular" character 
to a hizher pitched or "harshened", "thinned", and comaonly somewhat 
snortened type, the expiratory murmur, although somewhat prolonged, 
remaining fainter than the inspiratory. 


Tais tyre of breath sovnd is very characteristic, with some modi-~ 
fications, of silicosis in all its stages, and this clinical sign has 
also the significant character of more cr less complete generalization. 
It is first noticeable at the anterior, lateral, and basal regionse 


In the minority of cases, however, the breath sounds may be simply 
diminisned, but breath sounds which are simply diminished, or which, 


on the other hand, are merely somewhat louder or more "pronounced" 
than normal are not specially characteristic of silicosise 
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Usually there are no accompaniments, but a se ronchus may be 
heard here and there. 


This complex of physical signs is almost constantly present in 
cases of a slight degree of "simple™ silicosis. The cough may be put 
down to the coincident bronchitis and bronchiolitis, the recurrent 
pains to slight intercurrent local pleurisies. 


Pathology 


According to Pancoast (22) the pathological features of pneumoconiosis 
are (a) entrance of dust; (b) "Gust cell" or macrophage; (c) entrance of the 
dust cell into the lymphatic system of the lungs as a carrier of silica or 
other particles; (4) influence of the deposited silica in the production of 
fibrous tissue; (e) action of silica; (£) elimination of dust; (g) predisvo~ 
sition of the fibrotic and silica-saturated lung to respiratory infections, 
especially tuberculosis. 


The lung, as described by Gardner (121), is an organ developed to permit 
an interchange of gas between the blood and the external air. As it is in 
free commnication with the exterior it is more or less exnosed to the action 
of atmospheric impurities, both particulate and gaseouse Certain mechanisms 
are provided to protect the lungs from the accumulation of such foreign par- 
ticles. The nose, through which the respiratory tract opens onto tne surface 
of the body, is guarded by a coarse filter of hair. Behind this is a series 
of tortuous passages with moist walls which trap many smaller particles. In 
addition, the nasal cavities and the remaining portions of the us,per resvira~ 
tory tract, the pharynx, the trachea, and the bronchi are lined by cells 
covered with minute vibratory hairs, the cilia.e Wavelike vibrations of these 
hairs tend to carry particles lodging on their surface away from the lung and 
back toward the surface. 


Particles that succeed in passing these barriers and penetrate to the 
terminal air spaces of the lungs ere ingested by wandering scavenger cells or 
phagocytes, which come from the partitions between the spaces for the purpose. 
These cells are capable of independent movement and tend to carry tne foreign 
particles out of the air spaces into a special drainage system known as the 
lymphatics. . The lymphatics are minute vessels, which drain into sedimentiug 
basins known as lymph nodes. They are situated along the course of the vessels 
and bronchi and at the root of the lungs where the trachea divides into the 
two main bronchi. For ordinary amounts of atmospheric pollution these pro- 
'bective mechanisms are adequate to prevent the significant accummlation of 
foreign particles in the functional part of the lungs. If a person continues 
to work in a very dusty atmosphere for long periods his protective devices 
Cannot cope with the situation, the mechanisms themselves are damaged, and tne 
dust particles collect where the air should be (121). 


According to Simson (122), if the first line of defense is passed and 
particulate matter reaches the alveoli, the cells lining the alveoli are 
stimulated to activity. They swell, become detached from tne walls, and 
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develop an active phagocytic function. .The particles are phagocyted and are 
then carried in 1 of 2 directions; some of the phagocytes, now laden with 
dust, pass to terminal, bronchioles, whence they may be removed in the sputum; 

others pass into the walls of the vestibules and terminal bronchioles. In 
time large numbers of dust-laden cells accumulate and cause cordensation of 
the tissues about. the entrance to the orimary unit. During the period of ex- 
cessive dust inhalation and possibly for a short time afterward dust cells 
are continually reaching and entering the areas of condensed tissue at the 
entrance to.the primary unite Although some cells are arriving others leave 
the condensed areas and enter the regional lymphatic vessels, along which 

they pass to the minute masses of lymphoid tissue which lie between branches. 
of the pulmonary,artery and the adjacent bronchioles, vestitules, and atria. 
ine presence ef the dust cells. stimulates the lymmhoid tissue and causes it 

to become hyperplastic. With continued arrival and accumulation of dust 
cells in the lymphoid masses. more or less well-defined aggregations are formed. 
The site of an aggregation can retain only a limited number of dust cells, so 
that with new arrivals an overflow results. The cells comprising the overflow 
and those that have escaped arrest pass onward in the peribronchial and peri- 
vascular lymphatic vessels, finally to be trapred in the lymph nodes at the 
root of the lunge In silicosis these lymph nodes are the first sites to snow 
fibrosise _— a | | 

If inhalation of injurious dust other than silica - for example, asbestos 

dust - is continued over a long period or over a shorter period when the con- 
centration of dust is great a diffuse, cellular fibrosis develops in the walls 
of the bronchioles, vestibules, and atria.. The fibrosis tends to extend 
locally, involving the supporting connective tissue of the adjacent blood 
vessels and to some extent the wallsaf the alveoli in the immediate neighoor- 
hoode ‘nere is usually desquamation of the epithelial lining of broncnioles 
and vestibules, often without evidence of a definite exudate. In very advanced 
cases the fibrosis may extend to the sevta, to the supporting tissues of the 
bronchi and larger blood vessels, and to the alveolar wallse Even in these 
cases fibrosis is localized to the supporting tissue about the entrance to the 
primary unite It may advance to such an extent that the bronchioles become 
constricted, sometimes retaining their circular outline in cross-section and 
sometimes being reduced to mere slitlike openings. Rounded nodules of cellular 
character occasionally are seen, but the dense hyaline type of nodule usually 
is absent. Dust containing only a small percentage of silica also may produce 
these changes, and the liability to generalized fibrosis is greater when a 
low-grade type of infection (not necessarily of tuberculous origin) complicates 
the dust effecte 


Tne changes describec above by Simson (121) appear to him as primary 
lesions caused by inhalation of any injurious dust, tut when the great majority 
of the inhaled particles is composed of or contains silica a specific and 
localized type of fibrosis - the silicotic islet - also developse Tne first 
evidence of the specific and localized lesion, which Simson (121) termed the 
"silicotic islet", is seen in the aggregation of dust cells that probably 
represents the site of the lymphoid masse A small, round area of fibroblasts 
appears in the center of an aggregation; on further development a central core 
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of dense, fibrous tissue is formed. It often becomes hyaline in character ai | 
in larger and older nodules takes on a whorled arrangement. A fully formed | 
single silicotic islet consists of a central mass of dense hyaline fibrosis 
arranged in whorls and surrounded by a comparatively narrow zone of cellular 
Sibrosis in concentric laminaee Scattered through this mass, lying between 
connective tissue cells and fibrils, are scanty large and small round cells 
and a little particulate matter. A deposit of fat may be seen also in suit- 
ably stained sections, the degree varying with the age of the nodulee The 
sealed fibrotic nodule thus. formed is surrounded by numerous dust cells. ne 
ezowth of the silicotic islet continues by successive new arrivals of dust 
Scie and subsequent extension of the fibrosis at the periphery of the fibrotic 
nodule. Apart from the individual single or composite nalpable islet, nonin- 
fective silicosis may appear as a "massive" type of fibrosise Seen micro- 
scopically, such lesions comprise numerous contiguous single and composite 
islets. ‘the fibrosis is of the same character as that of the single islet; 
tnere is no evidence of breaking downe The intervening alveolar tissue is 
mach compressed and collapsed, but there is no evidence of inflammatory in- 
filtration or of definite matting tozether of the individual islets. As a 
rule, the larger blood vessels are not constrictede — , 


These changes, according to Goodrich (100), make the lungs less elastic, 
increase their bulk, make aeration of the blood less efficient, and decrease 
circulation through the lungse As a result, a more vigorous respiratory 
effort is necessary to supply the blood with an adequate amount of oxygen and 
to remove the accurmlated carbon dioxide in the blood, An increase in inspira- 
tory effect is needed to create greater negative pressure within the cnest in 
order to draw into the less elastic lungs the same amount of air, and an in- 
crease in the normal tidal volume is needed because of the decreased areation 
of the damaged alveolar structures and the impaired circulation througa these 
alveoli. As the volume of the lungs increases from. the continuing deposit of 
silica and the increasings amcunt of fibrous tissue the chest gradually is held 
and later fixed in a position of partial inspiration, and breathing becomes 
more and more diaphra,matice Even diaphragmatic breathing eventually becomes 
less efficient because of the usval development of a basal pleurisy which 
causes the inelastic lungs to adhere to the woner surface of the diaphragm. _ 
Secondary infection with bacteria may cause still greater. Lung damagee Cnronic 
broncnitis or bronchiectasis may be caused by. streptococcus, stanhylococcus, 
pneumococcus, or other pyogenic organisms, as evidenced by investigations of 
the United States Fublic Health Service (123) on the development of pulmonary 
infections in pneumoconiosise The results of the bacteriologic and experi- 
mental study show that — | | 


In general, the silicotic lung is more susceptible to bacterial in- 
fection than the average lunge This is provably due to the irritation 
of the respiratory tissues by the inhaled dust particles which weakens 
the mucous membranes and renders them susceptible to infection. The 
toxic influence of certain inorganic dusts upon the tissues may be a 
contributing factore 


The relation of tuberculosis to pneumoconiosis has been studied to 
a considerable extent, but comparatively little work has been done in 
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connection with other infectious processes of the lung, eege,; pneumonia, 
lung abscess, bronchiectasis, ané influenza. Ana investigation was made 

of these conditions, doth bacteriologically and experimentally, with the .. 
view of obtaining a better understanding of. the predisposition to, and 
tne mechanism of, infection of the lung in certain dusty tradese 


Broncniectasis, lung abscess, and gangrene occur frequently in 
hard-rock minerse It has been definitely established that aerobic, 
patnogenic bacteria, and certain fungi are responsible for these condi- 
tions, but the high percentage of cases in which the anaerobic microbes .. 
of the mouth and throat have been revorted would suggest that set at 
least ae le in tne Burney of the diseasese. 


kedereias to Tilison (124) many of tis siancortes: of the ee ven 
carrying mineral particles, become trapped in the lymph channels and nodes 
and therefore are not eliminated. Those frea in the blood stream are eharged 
nositively at the hydrogen-ion-concentration of tne blood and: move to the 
cathode in.an electric field. Bacteria carry a negative charge and therefore 
are attracted to the phagocytes, are adsorbed, and then ultimately absorbed. 
The agglomeration of bacteria increases the efficiency of this process, as 
the, large phygocyte cell-can dispose of many bacteria in one contact. This 
clumping of bacteria depends upon the plasma salts being at a high enough 
concentration; oe neees bacterial: Pare aoe becones a slow Pecere 


Siiicasis isa progressive aiseae if enous silica has been inhaled 
to initiate nodule formation each focus continues to enlarge untjl a state of. 
equilibrium is establishec. Nodules not visible by. X-ray when a men leaves a 
silica industry may suvsequeitly increase enough in size to be readily de~ 
tectable some years later. The progression of the process is favored and 
accelerated by the development: of pulmonary infection (121). Infact, many 
pathologists doubt whether the fibrosis of the lung that constitutes the 
essential patnological nature of silicosis ever arises.indnpendently of a 
primary infectious process (125). Rist, Mayel, and Donbrow (126), after study- 
ing the question from the medico~legel point of view, are: convinced that 
Silicosis cannot develop other than in persons already infected with the 
tuberculous virus and hence refuse to regard silicosis as a true occupational 
diseasee 


In some cases the infection remains latent, presents none of its usual 
manifestations, and merely modifies the character of the reaction to inhaled 
silica dust. In others: it develops simulataneously with the silicotic re~ 
action with a more or less typical localization in the upper part of the lungs. 
Such cases may exhibit none of the characteristic symptoms of tuberculous in~ 
toxication for many years and often are discovered only in routine roentgeno- 
gravhic examinations of large groups of active employeese Ultimately these 
men develop. symptoms, expectorate tubercle bacilli, and finally die of tubercu- 
losis, but the course of their disease is protracted. Tnere are still others 
whose roentgenograms show so much evidence of tuberculosis that the character- 
istic features of silicosis are obscured. Nevertheless, they have long been 
exposcd to dust, and post-mortem examination will reveal the nodular fibrosis 
produced by silica. Like those of the preceding group, these cases run 4 
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Gel instvel7 Curonic course and may now-.die of treir infection. until, tae [ica 
v2 cecadee rinally, there is anotner group, witn well-cevelcped 


er? sS26 

rocuiar silicosis, wnose members arvarently have never nad a tuserculous in- 

Sectione ‘Suca men become infected, develon a ravidly vrcgressive tucerculosis, 
. 9 + 2 yee = 

ana die within 6 months. In them tne symptoms of intoxication are more 


acute, out bacilli may be very difficult to detect in tneir sputa and even in 
tne lungs removed at autopsy (121). 


Gardner claims (121) there is no difficulty in demonstrating that silica 
oduces @ reaction in the body specifically favoring multiplication of 
abercle bacilli. Kettle injected a definite quantity of fine silica particles 
beneata the skin of one flank of a white mouse and in the opposite flank tne 
same quantity of aluminum oxide particles. A large dose of tubercle dacilli 
was tnen injected into the tail vein of tne animal. The blood distributes 
‘bacilli quite uniformly to all parts of the body, but if the animal is 
killed after several days large masses of them will be found at the site of 
tne injected silica. The bacilli are no more numerous where the alumina par- 
ticles nave localized than in any other part of the body. Apparently tne re-— 
action induced by the silica produces a favorable medium fcr the growth of 
these Dacteria, but they disanpear later and may be very hard to finde the 
same seems to be true of the sputum of men with silicosis and tuberculosise 
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Gardner (121) reiterates that only silica and a limited number of tne 
silicates are known to produce definite and serious pulmonary damagee In rie 
case of silica this is associated with ‘specific indisposition to tuberculcsis 
and pneumoniae Of the silicates asbestos is definitely recognized as a cause 
cof pulmonary fibrosis. Its importance in predisposing to tuberculosis is not 
yet settlede | 


At the International Conference on Silicosis (119) it was agreed that 
the microscopic patnological changes that may be produced by the prolonged 
inhalation of silica dust are: 


° e 


(a) The development of a condition designated in South Africa as 
a dry bronchiolitis, characterized by an accurmlation of dust—filled 
phagocytes in or in relation to the terminal bronchioles, with possioly 
some desquamation of their epitnelium. 


(0) The accumulation of dust-containing phagocytes about and in 
‘he intrapulmonary lymphoid tissue and their transportation through the 
lymphatics into the tracheobronchial lymph nodes. (The conditions 
described above under (a) and (>) do not constitute the disease 
silicosis.) 


(c) The graduAl development of fibrous tissue within such accumu- 
lations of phagocytes and the formation of characteristic nodules of 


hyaline fibrous tissues 


(d) Degenerative changes in these foci. 
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'.(e) The hyaline nodules increase in size by extension of their 
periphery. Codlescence of adjacent nodules. takes place and brings _ 
about involvement of. further. areas of the lung. .(The conditions de- 
scribed under (9) » W@, and fe) constitute the disease silicosis. ) 


iacroscopically the changes obs erved in “silicosis are: 


(a) In the: early 6 tagee- A eis number of ééipabie penrly- 
white nodules wo to 2 or 3 mm in diameter on the pleural surface of. 
the Iung. On section,: the cut surface of the lumg is studded with 
pigmented foci, widely scattered, a moderate proportion of which are 
only just palpable. The tracheobro::chial lymph nodes are slightly 
enlarged and seeoly. eee ey oma bee foci of fibrous indcura- 
tions ie . 


(b) Later stages.- The fibrotic nodules are increased in nunber, 
size, and density, and‘coalescence of these may be found. The portion 
of the lung between the fibrotic nodules may be emphysematous. ‘The_ 
tracheobronchial lymph nodes may be smaller in size than those seen in 
the early. stage and are: oe enaes | : : 


It was also agreed. ‘that the: presence of wineeeulous infection usually 
“modifies the pathological ‘appearance, and special ettention was drawn to the 
‘fo llowing three pes 


(ay In which the ieee of aicseie aneae. aeacwibed: may be 
little, if at all, modified, but in which only a biological test can 
demonstrate the eas of ns tuberculosis. 

(b) In Pines the coexistence of Uist na tobe tuberculosis 
lesions is ae as nOCoen Ae anes 


(c) In which ne sresence: of tie seeulosie is easily recognizable, 
but the existence: of pete is more ae cludal to determine. 


In massive silicosis spares iygenteesty ana subsequent dilatation 
may occur. In silicosis with infective processes cardiac changes may 
also oecure No evidence was adduced in regard to involvement of kidney 
or liver. 


Stazes 
The Committee on Pneumoconiosis and.the Committee on Standard Practices 
in Comoensation of Occurational Diseases of the American Public Healta Associa- 
tion in a report on silicosis (127) aCeCr Sees the stages of the disease as 
follows: 
The disease is divided arbitrarily into first, second, and third 


stages for convenience of description and possible compensation purposes. 
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First stage (corresvonds to anteprimary stage of South Africa) .— 
ane symptoms of uncomplicated first-stage aE are few anc orten 
<4 


ive. whe man may apparently be quite well and his working capac- 
ee not noticeab] ly impaired. Slight shortness of breath on exertion 
and some unproductive cough, often with recurrent colds, are the most 
usual symptoms. The man may have a little less acvility to expand his 
veaest than formerly and the elasticity of the.chest may be slightly im- 
pairede The earlicst specific indication of the presence of silicosis 
-S tne radiographic avpcarance, consisting of generalized arborization 
vhroughout both lung fields with more or .less small, discrete mottling. 

shis characteristic mottling is due to shadows cast by the dis— 
crete individual nodules of fibrous tissue in the lungs and is essential 
to the diagnosis of silicosis; without this finding the diagnosis of 
Silicosis is not sustained except by autopsy. 


second stage e (corresnonds to primary stage of Soutun 7 Africa)e- A 
definite shortness of breatn on exertion is usually found, and pains in 
tne chest are a frequent complaint. A dry morni:zg cough is often 
present, sometimes with vomiting, and recurrent colds are more frequent. 
Even then the man's-appearance may be healthy but he is dyspneic on exer- 
tion, he cannot work as well as formerly, his chest expansion is notice- 
ably decreased, the movement being sluggish and diminished in elasticity. 


toe characteristic radiographic appearance is a generalized mediun- 
sized mottling throughout both lung fields.e The snadows of the individual 
nodules are for the most part discrete and well defined on a background 
of fibrous arborization, but there may be here and there larger but 
limited opacities due to irregular pleural thickening or to a localized 
aggregation of nodulese 


Third stage (corresponds to the secondary stage of South Africa).- 
In tne thire stage the shortness of breath is marked and distressing 
even on slight exertion. The cough is more frequent; the exnectoration 
is in most cases slight but may be copious. “he individual's capacity 
for work becomes seriously and permanently impaired; his expansion is 
greatly decreased even with forced insniration; he may lose flesh; his 
pulse rate may be increased, and his heart may become dilated. 


the radiographic appearances in the third stage are further 
accentuated, the mottling is more intense, the nodules are larger and 
take on a conglomerate form so that large shadows are shown correspond- 
ing to areas of dense fibrosis. 


Physical examination of an individual may reveal changes in per- 
cussion and auscultation, mild in the first stage and increasing with 


the progress of the diseasee These alone are not sufficient to be of 
great value in diagnosis of silicosis. 
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- Pancoast and Pendergrass (123) question the wisdom of designating any 
appearance of pneumoconiosis by any term denoting numerical stages of progress. 
they prefer to designate the anpearance by a term which implies its patho- 
logical nature: 


Now this appearance of prominent hilum shadows and increased promi- 
nence of trunk shadows and linear markings, with or without the faint 
haze, has in this country at least besn designated as the-first stage of 
silicosis or pneumoconiosise: There may te some excuse for continuing to 
call this the first stage, but continued experience with cases of pneu- 
moconiosis developing in various industries has led us to question the 
wisdom of designating any apnearance of vnewioconiosis by any term de- 
noting numerical stages of progresse * * *. We »vrefer tc designate tho 
appearance by a term wnich implies its pathological nature and to call 
it not a stage but -.tho pevivascular-—veribronchial-lymph node type or 
preponderance of the conditions ** *,.~ . = 


In cases. with silicosis wiich is moderately slow in its progression 
the microscopic nodular lymphoid deposit proliferations tend to become 
conglomerate and to produce a macroscopic nodilar process * * *e As this 
appearance was found as a more advanced staze of silicosis in the earlier 
cases examined, and esvecially among miners in this country, it was and 
is still called the second stage of the condition. It is conspicuous by 
its absence or ‘insignificance, nowever, in many industries, notably the 
granite cutter, sand-blaster, sandstone and asbestos workerse It is 
especially likely to be absent or inconspicuous in those who are de~ 
veloping silicosis ranidly, such as in those working with pulverized sand 
without adequate protection. 


If this appearance is absent or nearly so as a stage of progress 
in so many industriel silicoses, why designate it as a numerical stage 
of progress at all? We have ceased to do so, and have called this 
appearance the nodular type or preponderance of silicotic fibrosis, or, 
more correctly, Breeeee 


There is another tyve of silicotic appearance wiich was very 
puzzling to us at first because of its exact identity and ow inability 
to find the prover place for it in a numerical classification -of pro~ 
gressive stages. “* * *. Fortunately a definite pathological place 
seems to have been found for the condition and a roentgenological 
classification for the appearance. * “ *. We have designated tnis as 
the interstitial type or predominence and have subdivided it into rapid 
and slow, wnich subclassification must depend largely upon the physical 
factors and time of e:xmosure. * * *,. . 


This type of fibrosis will almost invariably progress to the 
terminal stage witn little or no appreciable nodular appearance. Care 
must be exercised in differentiating it from a chronic interstitial 
lung change resulting from pneumonia or continued upper respiratory | 
infection as in the sinuses. * * *, 
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“ne condition responsible for this apsearance in advanced form and 


of ranid development has been termed "acute silicosis" by Charman and 
some otnerse * * *, 


cnere are few if any arguments to be recorded in connection with 
the terminal stages of silicotic fibrosis. Instead of the third stage, 
we mave preferred to call this aspect of the disease the terminal cdift- 
fuse fiorosise It is more or less incapacitating in practically all 
-nstances, and all too often completely so. 


Wita resvect to the classification of silicotic anpearances based uvon 
xnown pathological cnanges, Pancoast and Pendergrass (128) suggest the 
following in place of the old numerical. stages: 


le Yeribronchial-perivascular—lympn node predominance or typee This 
may te rapid or slow, usually the latter. 


eo sarly interstitial predominance. This may be extremely or moderate-— 
ly rapid, devsending on the silica intake. It may or may not nave 
an associated slight nodular aypearance. | 


de Acvanced interstitial predominancee 
4. iodular predominance. Rapidly or slowly progressinge 


Oe Advanced diffuse or terminal fibrosis. 
Conglomerate nodular typc.e 
Interstitial typce 
lassive fibrotic type. 


Diagnosis 


According to the Silicosis (Medical Arrangements) Committee of Great 
Britain (10%) silicosis can be diagnosed even in its early stages, but the 
diagnosis is not free from difficulty. For instance, the clinical signs of 
silicosis resemble to a great extent those of other chronic diseases of the 
cnest; further, silicosis may be complicated by the presence of tuberculosis 
in any stagee Irvine (129) states tnat it is impossible to deduce a prac- 
sical standard of diagnosis from accounts of the disease furnished separately 
oy the natnologist, the radiologist, and the clinician. Clinical examination 
~S ovviously an essential factor in the decision in any individual case, 
since it provides imoortant information otherwise not obtainable regarding 
une general and local condition of the patient, the degree of incapacitationx, 
-f any, and the presence or absence of comolication by active infection or 
ty disease of other orzans; but in a disease like silicosis clinical evidence 
in many cases is inconclusive and may be misleading. Other means of diagnosis 
in tne living subject are radioscopy, radiogravhy, and in the last resort the 
patnological condition found after death. Radiography also has its limita- 
tions, as on the one hand not all forms of pulmonary fibrosis revealed by it, 
even in miners, are of silicotic origin, and on.the other hand certain types 
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of radiograpn, which do not show wmequivocally "svecific": signs of silicosis 
yet in certain circumstances may be regarded legitimately as affording evi- 
cence of the presence of a silicotic factor in the case. Accurate knowledge 
from wniich to formulate a reliabvle general standard of diagnosis can be ob- 
tained only by correlation of the results of pathological observation in a 
large numoer of cases with radiographs. talzen from the chests of the same 
individuals shortly before death and with the results of clinical examina- 
tion made curing life. ne final adjudication in any individual case must © 
always incorporate the additional evidence supplied by expert clinical exam- . 
ination, which indeed is pr cquonely tne Seca etre fector, particularly in 
borderland casese 


Sayers (120) includes uncer "clinical manifestations" those factors 
that can ve ascertained from the individual having the disease — personal 
data, past history of diseases, occupation, present history, physical examina- 
tion, and roentgen and laboratory observationse Levey (111) states that it 
is inadvisable to overloox any diagnostic mecium in the early stages of 
silicosise “he imoortance of the serologic examination and the correlation 
of the physical examination with the past history is so great as to render 
all the steps of the complete examination of alinost equal importancee Al- 
thougn it is frequently said that no diagnosis of silicosis can be made proper- 
ly without roentgen-ray examination such examination must not be considered 
adequate, except in advanced stages. The examinations at the Picher Clinic 
(88) included collection of data on race, family history, personal history, 
past history of illness, occupational history, and physical, X-ray, and 
laboratory examination. A brief summary of some of the results of the exam- 
inations follows: 


Family historye~ The incidence of silicosis or silicosis complicated 
with tuverculosis was found to increase as the family histories of tne men 
were cla ssed as good, average, or poore 


Personal history.- The use of tea, coffee, or tobacco apparently has no 
relation to silicosis or tuberculosis; t after silicosis has developed, the 
use of alcoholic drinks and patent medicines increases cecidedly; the men 
take these to alleviate the symptoms of silicosis so that tnoy can continue 
workKe 


A study of age groups in »vublished results of several investigations on 
silicosis shows that in the carly years of the occunational life of those in 
dusty occusations the incidence of silicosis is low, but with increase in the 
aze group, resardless of length of employment, it increases slightly up to 
adout tne age of 40, after which there is a marked increase. Age, therefore, 
has an important bearing on the occurrence of silicosis and should be con- 
sidered in employinz men for wor’: in dusty atmospheres. 


No correlation could be made between silicosis or tuberculosis and over- 
crowding is sleeping accommodationse The number of hours of slecp bore no 
apparent relation to silicosis or tuberculosis. 
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rast history of illnesse-— Tne data seem to indicate that all infectious 
Giscases of chnildnood except diphtneria and scarlet fever prooably decrease 
resistance to tuberculosis and silicosis. Picher is free from malaria, but 
many or tne men reported they nad had malaria in the past; among these men 
the incidence of tuberculosis and silicosis was comparatively higne 
Tonsillitis, especially if the attacks are recurrent, seems to be associated 
with tuberculosis but apnarently has no relation to silicosis. ‘The highest 
incidence of silicosis or tuberculosis, or both, was among men who reportea 
bronchitis, pleurisy, and asthaa. The lowest incidence was among those who 
reported influenza, pneumonia, coryza, and hay fever. An unknown and dis- 
turbing factor in the attempt to discover a relationship between silicosis 
or tuverculosis and other diseases was the difficulty in determining in many 
instances whether they occurred before or after silicosis and tuberculosis 
had been contracted. The data show that the incidence of physical defects 
increases among men with silicosis and tuberculosis. Several explanations 
are offered for this fact: Men with silicosis or tuberculosis usually are 
somewhat older than mon in the essentially negative grous; the silicotics 
have had a much longer period of service in the mines than the negative sub- 
jects; certain physical defects may increase susceptibility to silicosise 


Nasal obstruction and chronic catarrh, enlarged turoinates, adenoids, 
or other conditions that cause mouth breathing are associated with an in- 
crease in the incidence of silicosis.e Persons having a vertical hanging 
heart are more likely to develop tuberculosis or already have it; this find- 
ing agrees with South African experience. 


Occupational history.— 4 detailed statement of occupation is the most 
important single item in the history of silicotics. The mere statement that 
the man is a miner has slight value, if any. Many underground occupations 
expose the workmen to very little dust, especially in well-operated mines. 

The Picher histories included occupation before mining, past occupation uncer- 
ground, number of years in present occupation, kind of mineral mined, aad 
total years in metal mines. All examined were divided into two groups accorc- 
ing to duties + those exposed to large amounts of dust (those employed at tne 
face) and those exposed to relatively small amounts (those away from the face). 
The data indicate that the men in certain positions contract the disease more 
quickly than tnose in other positions. 


_ With the development of first-stage silicosis there ras a drop in the 
mumber of weeks and shifts worked, and with secoud-stago silicosis there was 
a marked drop in amount of work verformed sn each shifte Men with silicosis 
and tuverculosis worked intermittently during 15 weeks of the year, while 
third-stage silicotics werked part of only 9 weeks;:the number cf snifts 
worked by these two groups, however, was almost the same (54 and 52). 


Physical examination.s- No marked symptoms of ill health, such as pale— 
ness, loss of subcutaneous fat, or decrease in muscular development, appear 
until silicosis reaches the tiird stage or until it is complicated with 
tuberculosis. Men with first- and second-stage silicosis appeared, on the 
whole, to be in better health than those in tho essentially negative groupe 
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As silicosis advances weight shows a slight tendency to increase witil | 
the third stage is reached or until the disease is complicated with tubercu- 
losis. ‘this increase may be due to some extent a the increase ae AZCe 


An analysis of eisteiic Siodd pressure oe age ‘groups shows that the 
blood pressure’ of the younger men did not change appreciably but that the 
average of the oldor men who had silicosis was slightly higher than for those 
in the corresponding age group who were essentially negatives Clinical ob- 
servation shows that the blood pressure of silicotics: tends to remain’ normal 
or increase only slightly, but in tuberculous cases it shows a definite 
tendency to drope Any persistent marked drop in the phood DESSSune of sili- 
cotics indicates probable tuberculous infection. ; I as © 


It is generally accepted that the cardinal. physical finding in silicosis 
is diminished chest expansion. Emohasis should be put not upon chest expan- 
sion but rather upon the importance of comparison with a man's earlier chest 
expansion. Probably if the vital capacity were taken on a large unselected | 
series for comparison the decrease in vital capacity in silicosis would be 
greater than any chest-expaiusion measurements, however carefully taken, would 
indicateée 


In the chests of miners generally, particularly those with silicosis, 
certain breath sounds rarely noted in the chests of healthy people not work- 
ing in dusty occupa teonS are often detected. 


The slight changes revealed by examination of the heart probably could 
be attributed to the ages of the grours of silicotics. . 


Roeritgenological Aspects of Silicosis 


It is generally accepted that the X-ray offers the best and most reliable 
indication of the lung changes that occur in silicosis, particularly in the 
early stage. The value of this method of diagnosis depends largely upon the 
skill of the technician who takes the pictures and the experience of the 
reader who interprets them. 


According to Pancoast and Pendergrass (130) the ability to interpret 
roentgenograms of cases of pneumoconiosis properly must be based upon several 
very important factors wnich may be enumerated as follows: A knowledge of | 
the anatomy of the chest and many of the physiological problems associated 
with its anatomical constituents; thorough familiarity with normal 
roentgenographic and fluoroscopic appearances and permissible variations 
tnerefrom within normal limits; knowledge of the histology of the lungs and 
especially of the lymphatic system; clear perception of the pathology of the 
condition of pneumoconiosis and of all conditions which may simulate it in 
roentgenographic appearances; experienced intimacy with the roentgenographic 
appearances of the condition in question and of those that resemble it, based 
upon fundamental knowledge of the pathology represented; knowledge of the 
paysical factors involved in the production of the suspected or alleged pneu- 
moconiosis; and the employment of the proper technic to show to full advantage 
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any or all of the abnormalities present, for technic may fully enlighten, may 
so modify appearances as to be confusing, or may be quite misleading. 


In-a discussion of the X-ray findings of the Ficher Clinic (88) the 
fibrotic cnanges revealed by the study are classified arbitrarily as definitve- 
ly negative, more fibrosis than usual, decidedly more fibrosis tnan usual, 
taree stages of silicosis, and Silicosis plus tuberculosis. 


Definitely negativee- In the definitely negative chest the hilum shadows 
are not more than (es cm in’ width from the midline and do not cover more tuan 
S interspaces and 1 rib at a target distance of 45 inches. ‘The hilum shacows 


cccasionally may show one or more fairly large calcifications. 


The pictures disclosed little if any evidence of an unusual amount of 
peribroncnial thickeninz in any of the definitely negative chests.e ‘The bron. 
chial tree usually cannot be traced farther than the inner edge of the mid- 
snird of the lung and never beyond the inner section of the outer third of 
one lunge ‘Tne areas between the shacows thrown by the tronchial tree are 
tlear and snow no evidence of any inflammatory cnangesSe 


More Tibrosis than _usuale- the hilum shadows are larger than normal - 
wrat is, more than 74 cm wide (from midline) ~ and cover more than 2 inter- 
sve.ces and 1 rib. Most of these cover more than 2 interspaces and 2 ribdse | 
wae calcifications within the hilum shadows show a very definite increase ana 
sometimes are very large. ‘the bronchial tree shows definite thickening and 
-ften extends well into tne apexes. In the majority of cases its branches 
"an be observed radiating to the outer third of the lung. 


Decidedly more fibrosis than usual.- This class corresponds to that 
izometimes referred to as presilicotice Tne hilum shadows are definitely en-— 
~arged and densee The X-ray reading showed that 94.46 percent of tnese cases 
=t Picher had larjie, dense, hilum shadowse ‘Tne bronchial tree shows a definite 
‘nickening and extends to the perinhery of the lung, involving the Sroncnioles 
=nd possibly tne air Wecteloes. 


First-staze silicosis.—- The hilum shadows are increased in density and 
sre larger than normale In many instances (of Picher cases) large calcified 
foots were noted in or around the hilum shadows. “hese were larger than those 
zonerally observed as the result of tuberculosis in chilchoode In several 


<wastances collections‘of such calcifications involved the entire hilum. 


Following enlargement of the hilum shadows, the entire bronchial tree 
sncreases in density. It is very noticeable and often can be traced to tne 
clter margins of the lungs. Along the thickened’ bronchial tree near the 
Ailums are small shctlike spots, sometimes described as “beads” or bronchial 
“ouise" When the spots become noticcable throughout the oe section of 
tne lungs the case is classified as the beginning of first-stage silicosis. 
she spots are fairly dense, one eighth inch or less in a. aGiscrete, 
with irregular fuzzy outline. With advance in the disease the spots increase 
in number, density, and size. 7 
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The diaphragm was humped in only a small number of the Picher cases in 
carly silicosis, nd rio displacement of heart shadow as a result of the dis- 
ease in tnis stage was ob servede’ 


Second-stage silicosis.—- The hilum shadows are large and cense out gener- 
ally do not show any more definitely than in first-stage silicosise . The beads 
or buds along the bronchial tree become larger, more numerous, denser, and ~ 
clearer in outline; the condition is best described as a general "mottling." 
Tne mottling is bilateral, and the density is about equal on both sides, indi- 
cating that the changes startcd in both sides at or about the same times 


The diaphragm is often humped or "peakea", and : numerous bands of adhesions 
are noted at the basese ‘The heart shadows, psually are normaly 

third-stage silicosis.— The spots described uncer second-stage silicosis 
tend to coalesce, forming large areas of marked density. [n some of the cases 
very large areas of marked density were observed - usually in the middle sec- 
tion of the lungs + wnicn were similar to tuberculous ‘consdlidation; these 
areas, however, usvally were bilateral and blended so perfectly with the snow- 
storm appearance as to suggest silicotic ALYCas, whica tie physical | examina— 
tions and laboratory, findings tend to coatirme 


. ¢ 


Silicosis plus tuberculosis.e— Thé ordinary silicotic findings described 
under tne aifferent stages of silicosis were noted in the Picher cases. (88). 
In many of them detection of the beginning of tuberculeus infection was diffi- 
cult because of the extensive silicotic changes. The hilun shadows were more 
lixely to show calcified spots. than in uncomplicated silicosis. ' In some of. 
the cases the calcified soots or glands 1 were > very large and occasionally 
occurred in: large numberse 


With the beginning of tuberculosis areas of marked density were observed, 
usually at one or both apexes. ‘these areas were not so dense or opaque as the 
fibrotic areas of silicosis and appeared cottony or woolye Usually they were 
unilateral in the beginning but often became bilateral Serete deatie In some 
instances these areas occurred in the midsection of the lungs apposite the 
hilum. Large areas of marked density may occur in this region, and it was 
areal ee determine by X-ray whetner the area was a walled-off tuberculous 
BOSEERS ‘a dense fibrotic area of silicosis. 


ee and Penderzrass (130) summarize the roentgeno logical phases of 
the condition, which they had described previously, as follows: 


1. The perivascular—peribronchial=-lymph node aspect is due to the 
relayi:y; of nnagocyted dust to’the pulmonary lymph nodes and their sub- 
sequent enlargement and ultimate partial fibrosis to the gradual en- 
largement of lymphoid deposits along the course of lymoh vessels and the 
subsequent thickening of these vessels and stasis of contents. This is 
characterized roentgenographically by increased prominence of the hilum 
and trunk shadows and linear marlsings. This appearance is by no means 
characteristic of pneumoconiosis alone, and even if it does indicate the 
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condition, the phase is absolutely not incapacitating. It, together with 
a barely perceptible appearance of macroscopic nodules, corresponds to 
the so-called first stage. ° 


2e The nodular aspect is due to the gradual enlargement of lymphoid 
deposits and their coalescence into quite apparent macroscopic nodules 
symmetrically scattered throughout both lungs. This corresponds to the 
so-called second stagee It is conspicuously absent in many industries, 
especially when the silica intake is rapid. 


3e The interstitial type of the condition results from a hilumvarc 
and pleuralward block in the lymphatics and the escape of-dust phagocytes 
in large numbers into the interstitial interalveolar tissue and subse— 
quent fibrosise It appears as a faint homogeneous haze, first on the 
right side, then on the left. If the silica intake is comparatively 
slow, it may accompany the perivascular—peribronchial-lymph node aspect, 
but if more rapid, it may be associated with the nodular tyne or may 
progress without the latter directly into the terminal stage of the con- 
dition without any evidence of nodulation. The unprotected or inade- 
quately protected sand—-blaster, sand pulverizer, and sandstone abrasive 
worker or granite cutter have been among those especially prone to 
present this rapid interstitial aspect. 


4. Terminal and incapacitating silicosis is characterized by three 
general appearances —- a terminal diffuse fibrosis of a conglomerate 
nodular type, one which is quite similar in appearance to a generalized 
chronic fibroid tuberculosis, and the terminal stage characterized by 
large fibrous consolidated areas, which closely resemble tuberculous 
consolidations quite frequently, but which we are now learning to dif- 
ferentiate one from the other. 


According to Gardner (121) anatomic and roentgenologic studies of the 
lungs of persons exposed to various types of industrial dusts have demon-_ 
strated that all inhaled foreign substances do not produce the same kind of 
vathologic reactions He divides the forms »roduced into three catagories - 
-inear, nodular, or diffuse in character. A linear pattern characterizes 
vhe general type of response to most inhaled inert foreign materials; 
nodular lesions apparently are confined to silicosis; and diffuse reaction 
~s exemplified in asbestosise Mixed patterns are produced by dusts such as 
granite, which is composed of several different elements. 


According to Haldane (131) the diagnosis of silicosis, apart from a 
aistory of serious exposure to dangerous dust, is extremely difficult, and 
vhe sooner some sort of agreement can be reached as to the grounds for a 
diagnosis of silicosis the better; but these grounds must be consistent with 
mnown facts regarding the infrequency or frequency of phthisis in the kind 
cf occupation in which the patient has been actually engaged - for example, 
urdinary collier's work or work in driving a road through highly siliceous 
rock witnout adequate precautions. 
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Smith (132) has pointed out striking discrepancies between symptoms and 
vhysical signs and pulmonary fibrosis as shown by tne X-ray. Ina study of 
rock drillers in the vicinity of New York 25 percent of those whose X-rays 
snowed unmistakable silicosis had no symptoms whatever, and in a recent study 
of granite workers. (1833) in the same locality 6 cases of 17 with advanced 
silicosis had no'symptoms. Absence of symptoms does not indicate absence of 
silicosis. Smith quotes an incident reported by Watkins-Pitchford; of a 
group of 541 miners who had been receiving compensation for silicosis on the 
basis of a physical- examination alone 41 percent. were found not to have it wien 
X-rays were introduced. She considers a physical examination somewhat of a 
juxury where large groups of workers are being examined for silicosis; where 
economy of time and expense is desirable it vould seem legitimate to limit the 
sxamination to a. good roentgenogram supplemented by occupational historye 


Mctially (134) states that 4 
on the history, clinical 
diseasee Many times the 


uring life the diagnosis of silicosis depends 
examination, and roentgenographic evidence of the 
roentgenograms are not decisive, so the diagnosis 

of silicosis, silicosis plus tuberculosis, or tuberculosis cannot be mado 
witn certainty. At autopsy the doubt may still linger: then a chemical exam- 


ination for the quantitative determination of silicon dioxide aids in reaching 
tne correct diagnosis. | 


How Fibrosis of the Lungs is Produced 


According to Kettle (118) silicosis presents to the pathologist two funda- 
mental biological problems: What is the exact process by which fibrous tissue 
is formed in the lungs. in. response to the presence of dust and how does dust 
influence the progress of. @ Coincident infection? He considers that these 
problems lie at the very root of the matter, and even if the answers were 
known he doupts whether. we should be in a.much more favorable position to deal 
with the situation as it exists in industries. "But!, he says, Naif we cannot 
explain the how of the matter we may still hone to speak with some authority 
about the when and the where. We can discuss with profit such questions as 
the identification of dangerous dusts: whether they act chemically or physi- 


cally; the influence of their physical state on their action: the influence of 


associated dusts; and the relationship of dust to infection! 


For many years it was held that fibrosis of the lungs characteristic of 
silicosis was produced in response to the irritation caused by the hard, 
sharp, quartz crystals: that is to say, the dust was believed to act mechani- 
cally. Kettle. (118) thinks that this point of view has some merit, that it 
is natural to think that hard, sharp. quartz particles would wound and tear tne 
scft tissues of the lung; it is, of course, & commonplace of pathology that 
foreign bodies in the tissues excite a certain amount of reaction which is 
“ollowed by the production of fibrous tissue. This fibrosis, however, is 
never extreme and is never comparable to the extensive fibrous tissue forma- 
tions wnich are the recognized lesions of Silicosis. In noint of fact, ifa 
farmless dust’ is inhaled in large enough quantities some of it remains in the 
ling and causes mild fibrosis by the mere mechanical irritation of its presence. 
“ais fibrosis is never severe enough to interfere with the function of the 
ling, and in its distribution, particularly in its amount, it bears no compari-~ 
Son to that seen in the silicotie lung (118). 
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Kettle (118) considers solubility a primary factor in the harmfulness 
of silica, and he believes that a perfectly insoluble substance is incapable 
of causing pneumoconiosis. Exactly tow the dissolved silica acts in the pro- 
duction of fibrous tissue is not known. His suggestion that it acts cheni- 
cally as a cell poison has been severely criticized, probably on the grounds 
that since silica enters into the composition of animal and vegetable proto- 
plasm it cannot be a protoplasmic noison. His reply to this eriticism is 
that phosphorus enters into the composition of protoplasm, yet people have 
seen killed by phosphorus and others have been hanged for poisoning theme 
Peacock (135) in 1860 mace the first report of a microscopic,demonstration 
9f silica in the lungse In 1866 Schmidt (136) reported sand in the lungs of 
a}l persons - except the new-born — ranging from 4.2 to 173 percent oi sili- 
con dioxide in the ashe According to Woskressensky (137) the lungs of indi- 
viduals whose occupations do not expose them especially to dust inhalation 
contain an increasing amount of silica in direct proportion to the ages He 
found that from 3.5 to 33.7 percent of the ash of the lungs wes silicon 
oxide, and in the peribronchial lymph glands the amount was much higher, 
ranging from 18.3 to 55.6 percent of the ash. McNally (134) gives the silicon 
content of the lungs of 8 persons working in dusty atmospneres as follows: 


| Ash, j © Sido 

Case | percent per gram of Occupation 
pale dried tissue : 

44 8.6 Millstone sharpener. 
O05 14.0 ~Stonecuttere 
Sov 2e4 fachinist.- 
429 3-6 Engineering draftsman. 
463 4.3 Coal miner, 25 years- 
411 ' 5.0 Stone-quarryman, 9 yearse 
300 2620 Granite cutter. 
446 10.9 Zine minere 


—_ 


McHally (134) also states that the lungs of tuberculous subjects contain 
somewnat more silicon dioxide than those of normal persons; this may come 
‘rom inhalation or directly from the blood stream, as the blood of tubercu- 
‘ous subjects contains more silicon dioxice than that of normal personse He 
suotes Collis to the effect that all clinical observations have shown that a 
silicotic patient is particularly liable to tuberculous infection and that 
“he silicotic process continues to advance after complete withdrawal from 


exposuree 


Goodrich (100) thins that dusts are more injurious as their chemical 
composition differs from that of the tissues of the human body. 


With regard to the sericite theory, Gardner (121) states that, althougn 
it is too soon to comment authoritatively on Jones! thesis, silicotic nodules 
ran be produced experimentally without sericite. Petrographic analysis of 
the silica employed for the animal experiments made in the Saranac laboratory 
nas excludcd contamination with sericitee | 
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In his report on a comparative study of the solubility of finely divided 
rock dusts in water, kerosene, and aldohol Myers (138) makes the following 
statement regarding siliceous dust: - 


It will be noted in test 1 that the process of solution (in dis- 
tilled water) of the 5 mz quantity of siliceous dust was gradual 
throughout the 28-day period, solution being nearly complete at the 
end of this time; while the 50-mg weight of siliceous dust did not 
dissolve after the first 24 hours, It is velieved that the finest 
particles went into solution very ranidly and that there was enough 
of them in 50 mg.to saturate the solution in the first 24 hours. The 
“mg weight containing mny larger particles and only a tenth as many 
of the extremely fine particles aa :50 mg, went into solution slowly, 
and the solution tas not saturated until the entire amount was in so- 
lution which took between 21 and 238 days. 


Heffernan (139) summarized his theory of the action of silica on the 
lungs as follows: , 3 : 


1. Silicosis is a result of the local action of hydrated silica 
upon the pulmonary tissue. This action is of a physicochemical nature, 
and the speed of its development, other things being equal, depends 
upon the rapidity with which fresh silical hydrosol is formed and 
brought into contact with pulmonary tissue. 


2. Substances which favor the formation of silical hydrosol from 
silica, when added to thn silica dust, accelerate the development of 
silicosis - for exmple, the alkalis. Substances which retard or pre- 
vent the formation of hydrosol from silica, or which coagulate the 

_hydrosol when formed, retard. or prevent silicosis - for example, carbon, 
coil dust, clays, end probably many other subsvances.e 


3e The action of silica in producing the nodular pulmonary fibrosis 
which we term "silicosis" has not been paralleled so far by any non- 
siliceous substance. 


4..5ilica is a normal constituent of plant and animal cells; its 
presence seems essential in certain tissucs, and its absence from the 
food of the organiam disastrous. 


Oe The study of the role of silica in biology suggests that many 
of the processes of cell metaboliam- belong to the realm of colloidal 
physics. 


: 6- Some characteristic cellular phenomena are explained most 
simply by regarding the living cell as a polyphase colloidal system. 


Kraut (140) found that the silicic acid content of the blood of various 
normal persons fluctuates between 1 and 3 percent of the sulphate ash but 
that the individual maintains his silicic acid content with great constancys 
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The administration of easily resorbable silicic acid increases the silicic 
acid content of the blood many times the absorbed amount of silicic acide 


Lieb and Scnadendorff (141) found the Sids content of pathological lungs 
of silicon workers to be 0.3 to 1646 vercent if dried at 120° and 4.6 to 22.3 
percent of the ashed tissue. Normal lung tissue showed values of 0.08 to 
0.40 percent. The pathological findings corresponded with the analytical 
resultse | | 


In connection with the solubility of silica dust Haldane's (142) ex- 
planation of the large percentage of the silicate sericite which Jones found 
in the lungs he examined is that sericite is less soluble than free silica 
in the alkaline liquids of the lungs. Kettle mentioned (142) in this con- 
nection that crystalline silica when inoculated in the veins produces yes rons 
but that amorphous silica does not. He also said that readily soluble silica 
and insoluble silica do not produce lesions but that between these two is 4 
Silica that "turns the trick." In 1929 Mavrogordato (143) gave as the cause 
of simple silicosis the reaction of the reticulo-endothelial system of ne 
organ concerned to invasion by free silica, but dust phthisis, the clinico- 
pathological entity met in practice is superficially a variable disease. 
Beyond the external factors and the reticulo-endotnelial system as an i eae 
tus lies the man. Individuals vary in their ability to resist the dust tney 
inhale. The amount of dust that ‘can be recovered from a lung need bear but 
little relation to the extent or character of the lesions found. 


It was agreed at the International Conference on Silicosis in 1930 (119) 
that: ; 7 


To produce the pathological condition, silica must reach the lungs: 


(a) In a chemically uwncombined condition, although the dust inhaled 
may be either a natural mixture of silicon dioxide with other dusts, 
such as occurs in granite, or an artificial mixture, such as scouring 
powder. 


(b) In fine particles of the order of less than 10 microns There 
is no evidence as to the lowest limit of size in which the particles 
may be capable of producing the disease. ' 


(c) In sufficient amount, and over a certain period of time; ‘these 
two factors are reciprocal variants. The minimum of these two respective 
factors has not yet beon determined. 


Silica dust plays the dominant role in the production of silicosis, 
admixture of other dusts tending to modify the picture in the direction 
of that of other pneumoconioses, in some relation to the proportion of 
free silica inhaled. 7 . | | 

Tuere is experimental evidence that the solubility of silica in the 
tissues is an essential factor in the causation of silicosis. 
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According to Badham!s summary (144) of the information supplied by various 
members of the Intcrnational Silicosis Conference silicesis bvecomes noticeable 
arter widely differing periods of exposure to siliceous dust, depending appar- 
ently uwon: 


le. The amount of dust inhaled. 

ce The percentage of free silica contained therein. 

3. The size-frequency (or fineness) of the yarticles inhaled. 

4. The nature and sort of such other substances (inctuding vanors and 
gases) as may be inhaled simultaneously or otherwise. 

Se the powers of resistance of the individual concerned. 

Ge ithe presence or absence of a complication by an infective process. 


In a discussion of the sericite theory as a cause of silicosis Irvine 
(145) stated that although it quite probably will become necessary to revise 
and widen the definition of the essential factors in the causation of silicosis, 
even so nothing in all this has significantly alterod the general conception 
of silicosis as a definite pathological entity, which is readily identificable 
by the pathologist after death and which is adequately distinguishable during 
life by expert clinical and radiolozical examination, or the knowledge that 
this disease year by year produces many cases of incapacity or deathe The po- 
sition, he says, in these respects is not significantly affected by the present 
lack of complete knowledge regarding the exact constituents of a siliceous dust 
tat may cause silicosis. Ii spite of considcradle opposition from certain 
quarters, this view was accepted at the meeting of the International Labor 
Conference at Geneva, in June 1934, and the conference accordingly affirmed 
the international recognition of silicosis as an occupational disease ana 
described it as "silicosis, with or without pulmonary tuberculosis, providea 
that silicosis is an essential factor in causing the resultant incapacity or 
deathe"t 
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